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From LixuT.-CoLONBL W. W. H. Gbxathbd, C.B., KJ!., Chief Engineer of Iirigaiioo Works, N.-W. ProviDoes, 
to Inspector General of Irrigation Works— No. 663, dated 16th September 1868. 

With the approval of the Lieutenant-Goveraor, North- Western Provinces, I forward, for 

Superintending Engineer, 2nd Circle, Irrigation Works, No. 1616, your information, papers noted in the 
dated 25th Aoffnst 1868. • .i i • x i! • • ^• 

Lientenant Home's Rongh Report, dated 24tb August 1868. margin, on the subject ot irrigation 

Chief Engineer's remarks, dated 8rd September 1868. canals from the Betwa and Dussan 

Minute by His Honour the Lieutenant-Governor, dated 4tb Sep- ^. . -n j ii i_ j xi_ . ^ 

tember 1868. Itivers in Bundelkhund, as there is at 



Map of Bundelkhnnd. 
Betwa Section. 
Bedoura 



Burooah Section. present no case to lay before the Gov- 

ourowlee „ i. * t j* 

Hnmeerpoor Line. erument Of India. 



i. Colonel Meade, C.S J., Agent, Governor General for Central India, has this day been 
asked if any survey of drainage area of the Betwa within the territories under his control, and 
through the territories of Scindhia, has yet been executed, and if not, whether he is pre- 
pared to promote such survey, wholly or in part, as far as Jhansie border, with a view to pre- 
paration of a comprehensive scheme for utilizing the waters of Betwa. 

3. Colonel Meade has also been asked to furnish this Government with a copy of any sur- 
vey of the upper waters of the Betwa already made, and Surveyor General has been asked for 
what he can give us. Chief Commissioner, Central Provinces, has been requested, in case he 
has it in contemplation to undertake survey of any part of basins of rivers which discharge into 
Jumna, to place Superintending Engineer of Irrigation, Central Provinces, in communication 
with Chief Engineer of Irrigation, North*Western P)rovinces, in order that uniform results 
may be ensured. But there is very little hope of getting any information of importance from 
any of these sources, and I shall be glad to know if you are prepared to help us in the surveys 
of Upper Betwa and Keyn, or if we must only look to what we can do ourselves ? 

4. I propose, if no one else will do it, to survey the Upper Betwa this season; to examine 
the Keyn and the country it might irrigate, and to examine sites for tanks in Banda District, 
as far as our resources will allow, leaving Allahabad and Mirzapoor Districts, and the Futteh- 
poor Canal fox another season, unless we get more men than I at present expect. 

5. It seems right that the examination of Allahabad Canal as a serious project should be 
deferred until we know how much water we shall allow to go into the Jumna from the rivers 
of Bundelkhnnd ; but if an Engineer is available to run a trial section, and see if the thing can 
any how be done or not, we will have it done. 

6. Betnm of accompanying Map and Sections is requested. 



From Majob C. T. Stbwabt, B.E., Superintending Engineer, 2nd Circle, Irrigation Works, N.-W. Provinces, 
to Chief Engineer of Irrigation Works, N.-W. ProTinces— No. 1615, dated 25th Angnst 1868. 

I HAVi the honour to forward the documents as noted in the margin, regarding the pro- 

1. Rough Report of Project for Irrigation from Betwa and Dussan jeet for irrigation from the Betwa and 

2. Sketch Map of Bundelkhnnd. showing levels taken in 1867-68. DusSan Rivers in Bundelkhnnd. 

a. Lonp^ndind •«J|«« ™^ "j^j^ ^ 8. The project is scarcely in a state 

5. Do. do. of Humeerpoor Branch do. to submit, even in the first instance, 

7. Da do! S'iw'^rto M^te Doab between *>^* ^ ^^ induced from the tenor of 

Birma aud Chundrawul Nuddees. your demi-ofiScial of the 18th instant 

to forward it, rather than to delay any longer. 

3. Lieutenant Home having discussed the subject with me, I shall send up his Beport in 
original— as it is. 

▲ 
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Rough Report by Libutbnant F. Hohb, Exeoative Engineer, Bundelkhnnd Irrigation Sarvej, on Project for 

Betwa Caoal —Dated 24th AuguBt 1868. 

Thb following tracings are submitted to give a rough idea of the project, viz :— 

Ist. — Sketch Map of Bundelkhund showing levels (at half-mile distances) taken during the 

season of 1867-68. 
2nd. — Longitudinal Section of main line of Betwa Canal. 
Srd. — Longitudinal Section of centre line (Jaloun Branch) of Betwa CanaL 
4th. — Longritudinal Section of Humeerpoor Branch of Betwa Canal. 
5th. — Longitudinal Section for a canal from the Dussan River, to irrigate Doab between 

Dussan River and Birma Nuddee. 
6th.«»Longitudinal Section for a Branch of the above canal to irrigate Doab between 

Birma and Chundrawul Nuddees. 

2. £etwa Project — Tracing No. 1 shows the general directions of the lines taken for the 
canal from the Betwa River. The canal starts from a point on the river near the village of 
Pureecha, where a convenient site for a weir has been selected. The b^ of the river at this 
point consists entirely of rockj^ its banks are of fairly firm soil, and its course is straight. As 
will be seen from tracing No. i, the rocky bed forms of itself a natural weir, and it is proposed 
to raise the surface of the water by means of an artificial weir of masonry in line> to within 
3 feet of the highest point of the section of the river bed at site of dam (i.e., to R. L, 622*66); 
in addition to this, 8 feet of planking would be added when the river is low, bringing the 
water surface to a level with the highest point of the section (R. L. 625*66). The river banks 
on either side would be protected with retaining walls, for which rock foundations can be ob- 
tained in the bed of the river. The regulating head would be on the left bank, connected with 
the retaining walls. The discharge of the Betwa in highest flood, as calculated from the flood 
sections taken^ is 714,904 cubic feet per second ; the length of the sill of weir would be 2,426 
feet ; the flood-level would be raised 7 feet by the con8tru,ction of the weir (or to R. L. 652*67), 
which would bring it 0*81 feet above the right, and 2*01 feet above the left bank; a small 
embankment would therefore be necessary to prevent the floods turning the weir on the right 
bank, or getting into the canal on the left bank. In calculating the afflux, the velocity of 
approach has, for saf ety^s sake, not been taken into consideration, otherwise the aflliux would be 
reduced by 1 foot. The velocity of flood passing over the weir is 11*12 feet per second, which, 
considering thq nature of the bed, is not excessive. 

3. It is proposed to give a maximum depth of water in the canal at the head of 8*25 feet ; 
8*60 below plenking. the reduced level of the regulating head has been fixed at 617*16 or 
6-60 below sill of weir. 5.50 feet below top of planking of weir ; this would give a slight 

head of water into the canal of 0*25 feet. The depth of digging for the first 7 miles being 
considerable, it has been considered advisable to give a good depth of water, and a moderate 
slope to the bed (0*82 feet per mile), so as to reduce the sectional area of the di^ng. These 
calculations have been made on the supposition that the maximum supply during the Khurreef 
would be 1,000 cubic feet per second, and are of course liable to correction as soon as the actual 
culturable and irrigable areas have been ascertained. The slope of bed has been fixed after 
several trials, and gives about the cheapest restdt, for if it were reduced, either the width of bed 
6t the depth of water would have to be increased ; the former would add to the sectional area 
of digging, and the latter would necessitate lowering the regulator head, as the weir could not 
well be raised higher. 

4* From the end of the 7th mile the digging is moderate, and at 18| miles the bed oomes 
out on to the level of the country; beyond Uus the surface of the country falls very rapidly 
down to the Branch head (31} miles), it is proposed therefore to increase the slope of bed to 
1*50 feet per mile, to decrease the depth of water to a maximum of 5*50 feet, and to increase 
the width of bed as required. Notwithstanding this increase of declivity, a great number of 
falls will be required, and these have been arranged so as to obtain about enough earth to form 
the banks. It will be noticed that the falls are all small, the. largest being only 6 feet, and 
this has been done for two reasons; firsUy, to decrease the amount of digging; and seeand^, 
to reduce the cost of the falls. It is believed that weirs of rough stone capped with masonry 
n lime, and with suitable lengths of crests, would pass the canal water quite safely, provided 
that the height of fall be not too great. Stone for such weirs is obtainable in large quantities, 
and cheaply, as far down as the Branch head, and it is therefore proposed to adopt some such 
structure for the overfalls down to that point. Beyond that it would probably be necessary to 
use brick-work. 
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5. Prom the Branch head (3 If miles) the canal would be divided into three Branches, 
viz : — 

Left (Madhogurh Branch) — tailing into Jumna, with a length of about 40 miles. ' 

Centre (Jaloun Branch)— tailing into MuUangah Nullah, with a length of about 84 miles. 

Right (Humeerpoor Branch) — tailing into Jumna, with a length of about 64 miles. 

The size of each branch will be proportioned to the area it commands, and will be reduced 
at points where the channels to irrigate smaller Doabs are taken ofE; the dimensions of these 
minor channels will also depend on the area of country they havei to water. 

Escapes will be made into the rivers or nuddees at points above the heads of the minor 
chanuels, so that in case of a sudden fall of rain, the supply may be readily reduced. The 
slope of the country on the lines of the branches is good, and with the exception of 10 miles 
at the tail of the left branch, where one foot per mile has been given, 1*50 feet per mile has 
been allowed for the slope of the canal bed. The maximum velocity allowed either for the 
main line or branches is 8*50 feet per second. 

6. The fall of the country is so great that to adapt the canal to navigation would add 
enormously to the cost of construction, and unless any special orders are received to the con- 
trary, the estimates will be made out for irrigation only. It may be noticed that if navigation 
be insisted on, the velocity of the current would probably have to be reduced, and the number 
of over&lls would consequently have to be increased. 

7. It will be remarked that the Betwa Canal passes through the Sumpther Independent 
State : as the supply is certain to be limited during the rubbee, it is proposed to throw out 
of the calculations of area irrigable the land belonging to that State. After excluding the 
above, and deducting for ground marked on the maps as covered with ravines, it is found that 
the total area, whicn will probably come under the influence of the canal, is about 792,800 
acres ; of this area a certain proportion will be unculturable waste, and it is proposed to take 
the proportion of ''cultivated and culturable areas'' to total area obtaining in the Jaloun 
District, (nearly the whole of which will come under the influence of the canal), and to apply 
it to the total area of 792,800 acres. The total area cultivated and culturable which will come 
under the canal will thus be obtained, and from it the discharge required for the khurreef 
(which will also be the maximum discharge) can be deduced ; and the dimensions of the canal 
settled accordingly. 

8. The Dussan projeei^'-^The prospects of getting a canal out of the Dussan River do 
not improve on inspection of the levels and longitudinal sections. The depth of digging and 
the rock and water which will certainly be met with at the head of the canal, take away all 
hope of carrying out this project. I have drawn four horizontal lines in the section showing 
what the effect would be of raising the head flooring 10, 15, 20, and 25 feet abovelevel of 
low-water supply ; even the highest of them gives a gpreat depth of rock-cutting, and is, at 
two places where water-level was observed in wells, 22 and 38 feet below water. In the face 
of this, I do not consider it worth while to make any further investigation of the project. 



Dated Srd September 1868. 

Bemarkfl by Lieutbnant-Colokbl W. W. H. Gbbathxd, O.B., R.E., Chief Engineer, Irrigation Works, Public 
Works Dept, on Lieutenant Home's Sketch Report of Betwa and Dossan Canals. 

1. Lieutenant Home's Report shows that the only means by which rubbee irrigation can 
at present be obtained from Betwa is by forming a weir across the river, proposed to be 27 
feet above bed in lowest part of section, and 19 feet above cold weather (April or minimum) 
level of water in the river. The cross section of river is very uneven, the deepest portion is 
only 60 feet wide, and owing to the natural rock rising in a great part of the section of the 
river to the level of sill of proposed weir, the amount of masonry in such a weir would be 
much less than would be expected from the statement that it is proposed to put a dam 27 feet 
high, across a river 2,300 feet wide, which in the monsoon is a raging torrent, carrying 
715,000 cubic feet of water per second to absolute waste. 

2. The rock bed renders such a work possible at moderate cost, but if there is anything 
at all carried down by the current (and a current of 8 or 9 feet a second must move every- 
thing but rock before it), the effect of such a dam would be to raise the level of the river 
behind it permanently. 

3. This opens a large subject, but as the greater part of the water would be wasted if 
the bed is not raised, it is desirable during this next season to investigate whether the bed of 
the Betwa can be so regulated as to give us control of all the water we want at reasonable 

A 1 



Digitized by 



Google 



BBTWA CAKAL PEOJBCT IN THE NOETH-WBSTEEN PROVINCES. 



height in reference to the surface of the country. Until this is done^ I should not be inclined 
to recommend the establishment of an isolated weir of such dimension^ aad it cannot be done 
unless at the same time means are found of dispersing and distributing the water which the 
Betwa carries, so as to obviate the necessity of considerable embankments to retain it in the 
artificial channel we should create, and to make the works pay. 

4. This enquiry must be comprehensive, and embrace the area of drainage and the course 
of the river from Bhilsa downwards, much of which between Bhilsa and Jhansie lies in 
Scindiah^s and other Native States. 

5. Should such a system of remodelling the bed of the river prove unadvisable, it would 
perhaps be necessary to abandon all idea of rubbee irrigation from the river and open 
khurreef canals without dams wherever practicable : but before deciding upon this course, it 
is necessary to know for how long a period of the khurreef a sufficient volume of water can 
be depended upon for such irrigation. We have no record as yet, but Lieutenant Home will, 
I understand, be able to give Betwa gauge readings for this monsoon, which as a season of 
deficient rain will be an excellent criterion. 

6. Though these conclusions tend to the necessity of a great deal more survey before 
canals can be decided upon from the Betwa, it will, I think, be advisable to let Lieutenant 
Home finish his project, that the Oovernment may know what results can be obtained if water 
can be made available, and in this view to consider his report as if the work were to be carried 
out at once. 

7. His sections show that after 7 miles of deep, but not prohibitive digging, water can be 
brought to the surface of the country, whose only disadvantage thenceforward, in an irrigating 
sense, is that its slope is so rapid as to require frequent &lls, and so considerable a slope of 
canal bed as to render navigation impracticable, which is a great misfortune. The natural 
slope of the country upon the proposed central canal is 197 feet in 70 miles, or 2*7 feet per 
mile. 

8. Irrespective of the question of weir. Lieutenant Home's proposals, explained in para- 
graphs 8 to 6, may, as far as judgment can be formed at the present stage, be approved. 

9« He should, I think, be instructed to provide for the complete irrigation of the Sump- 
ther State referred to in paragraph 7. The more work a canal with such deep and expensive 
digging at starting can be made to do, that is to say, the more water it can be made to carry 
and dispense economically, the cheaper the water will be ; and satisfactory arrangements can 
no doubt be made with the Sumpther or any other State when tlie time comes for doing so. 

10. The Dussan Project is impracticable at present. But there is a vast amount of 
water in it during the monsoon, which, we must endeavour to turn to useful account. 

IK There is good reason to hope that by judicious combination of canals and reservoirs 
Bundelkhund, or more broadly, the territory on the right bank of Jumna, bounded by Owalior 
on the west, and the Kymore HiUs on the east, may eventually become a highly irrigated and 
fertile province ; but there is a g^eat deal to be done before this can be brought about. 



Dated 4th September 1868. 
Minute by Sib W. Muib, E.O.S.I., Lieutenant-Govemor of the North- Western Provinoes, on the Betwa and 

Dussan Canals. 

I KNOW few parts of the country (the Bhuttiana territory perhaps excepted) for which 
canal irrigation would prove a greater blessing than the area which would be open to these 
canals. In the Jaloun District, the water is at immense depths, and wells consequently are 
sunk and worked at an expense, prohibitive, as a rule, for irrigational purposes. 

i» Any failure in the monsoon is therefore felt with peculiar severity in this tract. The 
rainfall is generally more scanty, irregular, and uncertain, than in the Doab and the Trans- 
Oangetic Provinces. At the approach of drought, the people are in the habit of emigrating 
for the time to more favoured quarters. The tenure of land is consequently far less valuable 
and fixed than where the production is tolerably certain. There is less accumulation of capital 
and less ability to tide over seasons of difficulty. And so, when drought and famine do come, 
the miseries of want and depopulation are experienced with an intensity and duration quite 
unknown in the more favoured tracts to the north of the Jumna and Ganges. It takes years 
often for a famine-stricken tract to recover itself. 

8. On these grounds I should not be inclined to favour any project that did not include 
an ample rubbee supply. It is true that there are great stretches of the fine bkck soil (locally 
called mar), which have an extraordinary retentive character; so much so, that one finds the 
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rubbee crops often green and floarishing in Febraarj^ though not a drop of rain may have 
&Ilen for five months previously, if the rains were good duriui^ the monsoon. On the same 
grounds it might be urged that a plentiful watering in September or October would impart 
sufficient moisture to produce good rubbee crops. But in the first place^ the above remarks 
refer only to the finer mar soils, and not to the others (kabur, purov^a, and rakur), of which 
the purawa (a light soil with admixture of sand) is specially well fitted for irrigation; next, the 
effect of irrigating the black soils during the rains or immediately after is uncertain ; when 
wet they form into a miry, sludgy mass, and which might be difficult to work ; and lastly, 
it is doubtful, apart from the last mentioned result, whether the people would be ready to 
take water in the khurreef, excepting under pressure of extreme drought. Then no doubt, 
as in the present season, water would be eagerly sought ; but I should be unwilling to support 
the project of a canal likely to be useful only in seasons of drought, unless it were shown 
to be absolutely impossible to construct one that should answer also for the spring crops of 
ordinary seasons. 

4. I am therefore in favour of carrying on the present scheme, with any modifications 
that may be found advisable for avoiding the objections adduced by the Chief Engineer. As 
regards silting up above the dam, I am under the impression that the Betwa, flowing as it 
does so much through rocky country, does not carny with it the same amount of alluvium and 
sand as the Himalayan Bivers. Still of course there would be sufficient matter brought down, 
and suspended in the water, to occasion some considerable silting. The amount of such matter, 
as compared with that in the Himalayan Rivers, might be made the subject of experiment. 

5. At the same time, while the present project should, as recommended by the Chief En- 
gineer, be matured, I quite agree that it would be expedient to prosecute enquiries as to the 
upper portion of the river. Perhaps Colonel Meade, C.S.I., Agent to the Governor-General, 
and Major Osborne, C. B., Political Superintendent of Bliopal, could give us some informa- 
tion on this head, and if there have been any surveys, supply us with the result. The 
Chief Commissioner, Central Provinces, might also be asked ; but the Betwa, I believe, keeps 
clear to the west of that Province; only one affluent, — the Bind — flows through the Saugor 
District. 

6. I am 0orry to find that the Dussan scheme proves so unfavorable. I trust that some 
better project may yet be found of drawing water from it. 

7. Neither of these schemes extends to the Banda District, I think that the Cane River 
might be surveyed with the view of providing irrigation for that District. 

8. In judging of the amount of water that will irrigate a given area in Bundelkhund, it 
should be borne in mind that the black soil will probably absorb a greater quantity than the 
soils of the Doab, at least for rubbee crops. The black soil opens up into greater cracks and 
fissures, which I apprehend would swallow up, and run to waste a considerable amount of water 
before the surface land was well* irrigated. 



Dated 26Ui September, 1868. 
Note by Oolokil R. Stbjlchxt, B.E., Inspector-General of Irrigation Works, on irrigation in Bundelkhund. 
Thb results of Lieutenant Home's surveys on the Betwa and Dussan Bivers have been 
sent to me in the rough by Lieutenant-Colonel Oreathed, with comments by himself, and a 
Minute of the Lieutenant-Governor of the North-Western Provinces on the subject. 

2. The Betwa Project is comparatively simple. The only difficulty is how to get out of 
the river. The sketch sent up shows rather heavy digging for 4 or 5 miles, but nothing im- 
practicable, and so far as I can judge, a great deal of this might be avoided, as I shall explain 
presently. The dam does not seem to be formidable, and I should not think that there was 
any risk in its construction. Colonel Fife has built a dam of 22 feet fair fall on a river in the 
Deccan, and it stands quite well. There is a subsidiary low dam wall of 7 feet a short dis- 
tance below to break the water, and some such plan could of course be followed here. 

3. The Betwa floods seem to rise some 40 feet or so, and a special arrangement would be 
necessary for shutting them out of the canal, but in this there would be no difficulty. 

4. I do not exactly follow the scope of Lieutenant-Colonel Oreathed^s remarks regarding 
the effect of such a dam as would be necessary on the Betwa (paragraph 8). Lieutenant 
Home says plainly that allowing for a theoretical afflux of 7 feet (which is impossible}, there 
would be only 2 feet embankment needed, and the slope of the country is so strong that the 
length of any embankment would be very small. Further, it would only be in the extreme 
floods that the water would rise in this way at all. 
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5. Nor do I follow what is said about the rubbee cultivation from such works as are 
proposed. We have quite sufficient evidence to show that there will be a fair body of water 
passing down the Betwa during October and November^ sufficient at all events to give absolute 
certainty to the sowing of the rubbee^ and that the supply will continue so as to give some 
help to the crops even as late as March. It is quite certain^ moreover, that if arrangements 
can be made for storing water above the dam in sufficient quantity to give a full rubbee supply 
for the whole area commanded, the water must be distributed through the same canals that 
deliver the khurreef water, and in fact that the stored water must be thrown into the Betwa, 
and taken up at the dam. 

6. Therefore it seems to me, that there can be no sort of question that some such schane 
as is sketched out by Lieutenant Home will be the only means by which irrigation can be given 
to the Districts under consideration, and that there need be no hesitation whatever in working 
out the project at once in detail, and proceeding to execute it, unless the cost should be far 
more heavy than I anticipate. The investigations into the possibility of a full rubbee supply 
may of course be properly put in hand as early as practicable', but it would be most objection- 
able to delay the maturing of the project for the khurreef caual for any such purpose. 

7. Neither am I very certain whether I should not prefer to have the khurreef canal in 
actufd operation before attempting to deal finally with a stored supply of water to supplement 
the rubbee cultivation. I have no doubt that what I call a khurreef eanal will practically 
save the country from famine, and I have not perfect confidence in our being able to store 
water in the manner in which it must be done in this case to give what we want in an 
economical way. I think with our limited Engineer power that we may best do at once, and 
as speedily as possible, what we know that we can do certainly, and unless the available 
strength of Engineers is much more than I anticipate, I should distinctly oppose any 
immediate investigation into the Upper Betwa during the next season at least. 

8. I have already stated my conviction that the extreme North- West view of refusing 
irrigation, unless a permanent full rubbee supply be given, is a grave mistake, and I regret to 
see that the Minute of the Lieutenant-Governor of the North- Western Provinces seems to 
take this view in the present case. The 3rd paragraph does not reject absolutely the sort of 
scheme which could at once be carried out from the Betwa ; but it seems to imply that the 
Lieutenant-Governor would prefer to have nothing done till the Engineers have tried to get a 
permanent water-supply for the whole tract to be irrigated, and have either succeeded, or finally 
shown that it is impossible. I cannot too plainly declare my own convictions to be quite 
opposed to this course, and I trust that on further consideration it will not be pursued ; but 
that immediate measures should be taken for maturing the design for a canal, which will at all 
events give complete khurreef irrigation to a large area, and which will be perfectly suited for 
the distribution of a rubbee supply if hereafter the means should be found for obtaining it. 

9. The experience of the present year seems to be sufficient to show that the real appre- 
hension of serious danger arose from anticipated failure of the September and October rains. 
As soon as the late rain fell, every one declared himself easy. Such a canal as we can with 
perfect certainty set about at once from the Betwa, will do much more than give the equiva- 
lent of a good September rainfall. My belief is, that in 19 years out of 20, it would give 
such protection to the rubbee as to secure a moderate crop, though of course the greatly 
superior advantage of the thorough irrigation that would be got by a full cold weather supply 
is not disputed. 

10. To think that when a satisfactory supply of water is available, the khurreef crop is 
likely to be altogether secondary, also seems to me a delusion. In Bundelkhund particularly, I 
believe that rice cultivation will greatly expand on an abundant khurreef supply. There is 
no solid ground for Sir W. Muir's apprehensions that black soil may be unfit for irrigation. 
There has been abundant experience on the subject in Madras and Bombay to remove all cause 
of fear as to this soil being unsuitable for artificial irrigation in any sense, either as regards 
the agriculture, or the fitness of the soil for embankments or channels. So far from its being 
bad, it is very retentive, and so long as it is kept moist, which channels in use always would 
be, there is no disposition to crack. 

11. On the subject of the value of khurreef irrigation, it is worthy of remark that at the 
present time the irrigated area on the Western Jumna Canals is as nearly as may be equally 
divided between the rubbee and khurreef. I am not at all disposed to take Colonel Rundairs 
extreme view, that the khurreef crops are likely to displace the rubbee in Northern India 
at least, but I see no sort of reason why the natural capacity of the soil should not be as fully 
utilized in the khurreef with tropical products, as in the rubbee with temperate ones. 
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12. Returning to the project as it is roughly sketched hy Lieutenant Home, I would 
remark that the levels indicate that there will not be much gained by bringing the water to 
the surface at a higher level that 585, which is at a point near the town of Mote. Above this 
the fall is great, and the space between the Betwa and Pahooj> which rivers practically limit 
the area irrigable, is narrow. Now this point of 685 feet level is about 16 miles from the 
proposed head, and in this distance falls aggregating 2H foet have been introduced in the 
canal channel to overcome excessive slope* The natural inference would be, that the canal 
bed level should be worked baci from the 16th mile, when the canal bottom is, say, 681 feet 
with a proper slope until the river is reached. So far as I can see from the levels shown on 
the map, there is nothing to prevent this being done. The project shows the level of the 
canal bed at the dam as 617. The necessary level to lead to the level of 581 at the 16th mile 
would be 595*5, so that the water is taken off about 21^ feet higher than is essential. The 
difference might be made up either by reducing the height of the dam, or by taking a point 
lower down the river to start from. This part of the project should be revised at once 
I think. 

13. I would add that I see no objection, if it be more convenient or economical to carry- 
ing the canal channel within the bed of the river, so as to be wholly submerged in extreme 
floods. All that would be necessary would be to have a proper regulating work at that point 
on the canal where it finally left the river bed. 

14. It appears from the levels that a line could be taken for the canal from the head as 
now proposed much nearer the river with important saving of digging. There may be reasons 
for not having done this, but no allusion is made to the subject, and the detailed surveys and 
levels not having come up, it is only possible to speak generally on all these points. 

15. The only other point to which I need refer is that of navigation. The velocity 
proposed by Lieutenant Home, 3^ feet per second, is about %k miles per hour. This does not 
seem to me at all to proiibit navigation. With steam power acting on a sunk chain, a velo- 
city through the water of 5 miles per hour might easily be given, and therefore an effective 
velocity of 2^ miles : whether the traffic would be enough to pay for such an arrangement, is 
another affair. I think Lieutenant Home should be told to make a design with one line of 
canal fit for navigation, probably that passing Eoonch and Jaloun. But if thought worth 
while, the Humeerpoor line also could be so treated. It will not be necessary to carry out 
locks at first if the expense is great, but I think the falls should all be so placed and arranged 
as to be suitable for locks hereafter. 

16. I may add also that Sir W. Muir seems to be under some misconception as to the 
silting up above a dam. No harm or inconvenience can arise from it, if proper under-sluices 
are constructed (para. 4 of Minute). The pond formed will be of no practicable value as a 
supply for irrigation ol course, as its surface is only at the level of the canal surface. 

17. I now turn to the Dussan scheme, which Lieutenant Home and Colonel Greathed 
seem to regard as hopeless. I confess to not seeing why this condemnation should be declared. 

18. It may at once be admitted that the line sketched by Lieutenant Home is impracti- 
cable from the tremendous digging at the head, but it seems quite simple to avoid it. 

19. I have sketched out in a rough way my idea of how the project should be modified. 
From a general view of the contour level lines which I have sketched in, as conveying a 
vastly better idea of the surface formation than a host of figures, it will be seen that the slope 
is too high along the whole upper edge of my map to admit of general canal irrigation. I 
have therefore discarded that part of the area, and have limited myself to the more moderately 
inclined portion. 

20. The head of the canal (coloured in green) would be taken below and inside of Lieu- 
tenant Home's fine. There is a line of levels given on the actual line I have followed, and so 
far as I can see, there is no sort of difficulty about it. The water in this canal, too, would 
come to the surface somewhere about the 685 feet level. There wpuld be no difficulty what- 
ever until we come to the Betwa Nullah, which must be crossed by an aqueduct, the canal 
bottom being about 50 feet above the dry season level of water in the nullah. There is no 
proper section of the nullah, and I cannot say whether or not such a work would be very 
expensive, but I do not see why it should be. After this nullah is passed, there is nothing 
further whatever to cause difficulty. 

21. The general comments made as to the rubbee supply of a Betwa canal apply here 
also, and I think a design for a khurreef supply should at once be worked out and, if possible, 
begun. 
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22. It seems that the area for the Betwa Canals is about 800^000 acres^ and for the 
Dpssan I calculate it at 600,000 acres. Rejecting one-fourth as unculturable^ which is pro- 
bably too low a proportion however^ we get 600^000 acres and 450^000 acres^ respectively^ to 
be irrigated. Taking one-third of these areas as the annual irrigated crop, we should require 
something less than 1^000 cubic feet per second for the Betwa, and 750 cubic feet for the 
Dussan. If the supply in November is more than this, I thfnk the volume given might be 
increased, say to 1,500 cubic feet, and 1,000 cubic feet. Above this I do not think it would 
be necessary to go. The data of the present season will certainly give as bad a supply as we 
need think about, I incline to think that the design should be worked out so as to admit of 
an increase of volume from 1,000 cubic feet to 1,500 cubic feet, hereafter for the Betwa 
Canal, if the 1,000 cubic feet capacity is first adopted : and the same in the case of the Dussan 
Canal the original 760 feet being made expansible to 1,000 feet. 



From LiBTTTEVAKT Abthub H. Baooe» R.B., Executive Engineer, Bundelkhund Irrigation Surveys, to Ouktoh 
Andebson, Esq., Superintending Engineer, 2nd Circle, Irrigation Branch, N.-W. Prorinoee, No. 289, 
dated Jhansie, NovembQi 27th, 1869. 

I HAVE the honour to submit the Betwa Canal Project, consisting of a general report on 
the scheme, together with designs, estimates, &c«, as appendices thereto. 

2. The cost of the Betwa Canal (see Appendix B) is close upon 90 lakhs of rupees, of 
which one-half represents the estimated cost of the reservoir-dams. 

3. The total cultivated area is equal to 527,981 acres. Taking one-third of this as likely 
to be irri^ted in one year, and Bs. S per acre as profit to Government in Land and Water 
Revenue (vide Chief £Bgineer's No. 209^^, reporting on Lieutenant Home's project), the re- 
venue will amount to Rs. 5,27,981» which is a return of 5*86 per cent, on an outlay of 90 lakhs. 

4. The Betwa Canal will not have to bear the burden of the 54 lakhs — the estimated cost 
of the head-weir and the two reservoir- dams — ^if khurreef canals are taken out in directions 
similar to those laid down in the accompanying map. 

5. Lieutenant Home's project (omitting the head-weir) amounted to 18^ lakhs of rupees; 
this amounts to 36 — nearly double. The difference is attributable to the necessity of providing 
for navigation, to heavy expenditure in crossing drainage, and to a more complete development 
of the project. 

6. The Chief Engineer, in his letter above referred to, says, in para. 25 :— ''By reducing 
depth of digging, doing away with falls, and deferring building of bridges, the cost of the 
canal will probably be much reduced below Lieutenant Home's estimate.'' I wish I could 
think that the Betwa Canal, its branches and irrigating-lines, when completed, will have cost 
less than what I have estimated. In the cases of the Ohusgowan weir, and the reservoir-dams, 
large reductions may be made should it be found unnecessary to use granite facing and paving, 
and if some more economical way be devised of holding up the extra 10 feet water at the Khoord 
Dam. In the other works it does nut appear that any great reduction can be made ; the 
rajbuhas might have been taken somewhat nK)re in digging, but such a course would only lead 
to remodelling hereafter, as the rubbee supply is about one-third of that of the khurreef. 

7. The guiding principle in designing the main canal and the navigable branch, may be 
said to be similar to that laid down by Colonel Brownlow in his reply to Colonel Strachey's 
memo., dated July 1 3th, 1867 ; the difference being that Colonel Brownlow would take down the 
average minimum at a velocity of 2^ feet per second, restricting his khurreef volume to that 
which gives a maximum velocity of 3 feet per second, and that I have taken down the maximum 
required supply at the highest limit of velocity, with a section giving the least difference in 
depth as the supply falls consistent with the necessity of providing for navigation — a necessity 
which is a fatal obstruction in executing a canal for high and low supply to the best advantage. 

8. On former inf omation it was decided that the Betwa Canal should be so designed as to 
carry about 1,000 cubic feet per second, capable of being increased to 1,500. 

9. The maximum demand I find to be 1,408 cubic feet, including 150 cubic feet per second 
for navigation at the tail of the Calpee Branch. By taking this down at the highest velocity 
other requirements are satisfied. 

10. The Betwa River Survey Maps and Sections are also submitted with the appendices to 
the report, a list of which is as follows : — 

Appendix A« — Mr. Richardson's memo, upon his design for constructing lock and fall in the same 
channel where the|Galpee Branch supply has been much reduced by the Kudowra 
Bajbuha which runs towards Humeerpoor. 
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Appendix B. — Calculation and general estimated* 
G. — EstimateB of masoniy-works. 
D. — Designs for ditto, 
E. — Ditto Bajboha bridges, 
F. — ^Answers to questions put to BoYenne Officers. 

O. — Opinions of Local Officers (reply to No. 1159IG., dated 7th September, 1869, from 
Joint Secretary). 

I, H. — Volume containing the sections of the main canal, its branches and the rajbuhas. 

II. On the main canal the double locks designed in the Gbnges Canal remodelling project 
have been adopted. 

12. With the exception of the first fall^ where the canal*bed widens out from 40 to 84 
feet^ all &lls are laid oblique to the axis of the canal. 

IS. The h31 from the tail of the Calpee Branch to the bed of the Jumna is 114 feet in a 
distance of about half a mile^ necessitating some fourteen locks^ with a fall of 8 feet in each. 

14. In submitting this project^ I desire to express my sense of the great assistance I have 
received from my assistant, Mr. Richardson, who, though frequently suffering from fever and 
debility, has, nevertheless, adhered manfully [to his work. His steady application, and the 
great interest he takes in his profession, have done much towards enabling me to submit the 
project at the present time. 

PART I. 

BEMABES ON THE PHYSICAL GEOGBAPHT OF TUB DOAB. 

Thb triangular space extending from latitude 25^ 42' 30'^ N. to the River Jumna, 
bounded on the east by the Fahooj, on the west by the Betwa— -its affluents-*and embracing 
an area of some 1,500 square miles, forms the irrigation field of the proposed Betwa Canal- 
Higher up the Doab, the country presents generally an undulating surface, alternating in hills 
and valleys, broken here and there by quartz dykes, Imd huge disintegrating masses of granite 
and its associate rocks. 

The proximity of these rocks to the surface, and the irregularity of the elevations, which 
possess no natural connected form of anticlinal axis, together with the rapid outfall of the 
country, present formidable obstacles to the construction of a large canal from a much higher 
point on the Betwa River than that now selected; and this is further prevented by the neces- 
sity of having to fall back upon the bed of the Betwa itself as the only available storage-basin 
for the proposed canal in seasons of extreme drought. 

Should the Oorcha Reservoir-dam be constructed, it may be found desirable to take out a 
high-level khuireef canal at that point, to irrigate the sandy tracts which lie between Jhansie 
and our present starting parallel of latitude. 

In the absence of a map exhibiting the arterial drainage system of a Doab, it is usual to 
assume that there is a backbone or watershed lying somewhere between the two rivers, from 
which the drainage disseminates and flows into them on either side. 

The surface formation of the Betwa Canal Doab is widely different. The high lands 
border upon the khadirs or valleys of the Pahooj and Betwa Rivers, while the low lands occupy 
the central part, draining themselves by two separate channels which unite only as they 
approach the Jumna, falling into it about six miles above the town of Calpee. 

It icr in this central part that we have a basin for the formation of those great mar-beds, 
which, on account of their great fertility without artificial irrigation, and the peculiar nature 
of the soil composing them, have excited much enquiry and consideration, and must still be a 
subject for careful investigation, forming, perhaps, the most important of all questions affect- 
ing the financial prosperity of the canal. It attracted my early attention ; my desire to arrive 
at some conclusion regarding the nature of these mar-beds, and those contiguous to it, beiug 
much increased by the apparently prevalent opinion that the contiguity was of such a perplex- 
ing character as to render it impossible to define their limits. 

From the settlement papers of the district I obtained the distribution of the surface-soil, 
and from my own subordinates the thickness of each stratum by measurements in the wells of 
the country. These well- measurements were taken along the cross* section lines of the survey 
which furnished the reduced levels, and enabled me to compile the accompanying sections. 

The amount of the central depression is shown in the section on the line GH ; the other 
sections, on AB, CD, £F, exhibit the spring level, and the nature and depth of the various 



Digitized by 



Google 



)at o£ the 528,000 cultivated aoies, 300,000 acres may be said to be '^ mar '^ soil ; it 
, friable, very retentive, expands greatly ond^ moisture, oontousts as it parts with it, 
% surface cut up by a network of fissures, fertile without irrigation. 
Mr. Wilson, the Geological Surveyor, paid me a visit on the 28th October. During 
\j of the district, he had been struck by the apparent unconf ormability of the alluvial 
and he requested me to allow him to have copies of the plans and sections I had made. 
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H© considered ** mar'* was identical with '' tegar/' the black cotton-soil of the Nerbudda 
Valley, and that it was chiefly derived from the decomposition of the '' trap '' rocks which 
abonnd in the high lands to the Fouth: 

In Vol. II., Records of the Gteolog^cal Survey of India, page 282, a section is given of 
the laeoBtrine deposits in the Nerbudda Valley :<^ 



« r 



C . 
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A. Coarse conglomerate, with large boulders ; also reddish clay, with kunkur. 

B. Loose sands and gravels. 

C. Pale brownish alluvion and regur, presenting a sequence similar to that obtaining in 
Bundelkhund. C = mar and kabur, B = purwa, A = rakur. 



PART IL 

THE IRRIGABLE AREA. THE CANAL SUPPLY, AND THE DISTRIBUTION OP THE WATER. 
From latitude N. 25^ 42' SO,''^ which we have taken as the parallel from which irrigation 
will commence, the triangular space bounded by the Fahooj, the Jumna, and Betwa Rivers, is 
much diminished in area by the extent of tha ravines in the valleys in which these rivers flow. 
For instance, in the Jaloun District, the area is set down as 989,713 acres ; of this no less 
than 146,777 acres are taken up by ravines, leaving 842,936 acres as ordinary land :— 



PargmmAb. 


Batinu. 


Area of 
PerganoAh. 




Sqnan miles. 


ACTM. 


BaUnee. 


Attah 

Oraiee 

KooDch 

Madhognrh ......... 


6*25 
79-16 
62-11 
25-64 
67-28 


8.860 
60.662 
88,360 
16,346 ' 
48,060 


211,806 
289,884 
188,344 
189,804 
160,876 


208,446 
229,228 
164,994 
122,969 
117,816 


Totals 


229-34 


146,777 


989,718 


842,936 



The cultivated and culturable 
Leaving a balance barren 



: 560,066 



: 292,871 



As the area of the Jaloun District amounts to nearly four-fifths of the whole area, and we 
have no knowledge of the distribution of the land in the Native States, we may apply these 
figures to the whole area. From the foregoing we have the following data for the Jaloun 
District : — 





Aorea. 


Percentage. 


Acre* per 
aquare oniles. 


Gnltivated 

Culturable ........... 

Barren 


466,070 

83.996 

292,871 


66 29 

9-97 
84*74 


864- 

64* 

222* 


TOTAM 


842,986 


10000 


640- 
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If one-third of the cultivated land be supposed to be irrigated any one year, in every 
square mile 118 acres wiU require irrigation ; and taking half^ and half 69 acres for the rubbee 
and 60 acres for the khurreef , every square mile of the ^' bangur/' will have to be protected by 
0*848* cubic feet per second in the khurreef^ and 0'296^t cubic feet per second in the rubbee* 

The '^ bangur/' or high land, is what we have to deal with, rejecting the cultivated lands 
in the khadirs or valleys of the Pahooj, Jumna, and Betwa Rivers, as not wanting water. 
From the limiting-parallel to the Jumna, this high land contains an area of 964,880 acres, or 
1,492 square miles, distributed as follows :— - 





British or NstiTO Territory. 


Pistriot. 


Absib. 






Aoret. 


British 
Native 
British 
Native 

Do. 

Do. 
British 




1 


49H) 
166-5 
1,1160 
72-6 
10-0 
86-5 
53-5 


81,860 
98,620 
718,600 
46,400 
6,400 
28,860 
84,240 




1,4980 


954,880 



At 0*843 cubic feet per second, in the khurreef this area will require a supply of 1,268 
cubic feet per second. 

At 0*296 cubic feet per second, in the rubbee this area will require a supply of 440 cubic 
feet per second. 

The distribution of the supply is contained in the following table :— 





cts. 


66*80. 


9-97. 


84*74u 






WsieMappIy 

eabic feet pur 

seeond. 


Bistri 


CaltiT«ted. 


Cvltorshla. 


Barren. 


ToUIatoh. 




Miles. 


Aeres. 


Miles. 


Acres. 


Miles. 


Acres. 


MOes. 


Acres. 




1 


British . . . 

NstiTO • « . 

British 

KatlTO . . . 

Bo. ... 

Bo. ... 
British • • . 


Jhansie . 

Jslonn • • • 

BOWDM • 

Bebi«e . . . 
Dntteah . . . 
Hunserpoor . 

TotAKS 


27-10 
86-97 
616-60 
40*10 
6-60 
80-80 
89-60 


17,844 
66,081 
894,600 
86,664 
8,680 
18,988 
18,944 


4*90 
16*61 
11110 
7-80 
l-OO 
8*60 
6*80 


8,186 
9,986 
71,104 
4.008 
640 
8,864 
8,898 


17*00 
86-80 

reo 

18-70 
18-60 


10,880 

84,678 
847,086 

16,188 
8,810 
8,188 

11,904 


49-0 
166-6 
1,116-0 
78*6 
10*0 
86*6 
68*6 


81,860 
80,680 
718,600 
46,400 
6;40O 
83,800 
84^840 


41*80 
181-10 
940*00 

01-80 
8*40 

80*80 

46-80 


14-4 
46*8 
888-8 
81*4 
8*» 
10-8 
16-8 




884-97 


687,981 


H8-61 


96,110 


618*48 


881.789 


1,408*0 


964^880 


1,868*00 


440*0 



JHsirihution Table, thewing the water required for the irrigation of the land dependent upon 

the main channels. 



Canal. 


Area to be 
Irrigated. 


Watbb-sitppli 


, mt Smosd. 


Khurreef. 




Main Canal . , . • 

Kootound Branch 

Jaloun do. 

Calpee do • • . 


Sqr. miles. 

252 

467 
198 
675 


Cab.fwt. 

212 
393 
167 
486 


Cab. f Mb 

74 
138 

58 
170 


Totals 


1,492 


1,258 


440 



•jo-ow 



tjoo-'-Wf 
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Sub'dutribution Table No. h-^Main Canal. 





Area to be 
irrigated. 


Watbb- 


BVPPLT. 


* Bajboha. 


KhnrreefL 


Bnbbee. 


Eakkul Bajbtilia 

Baroda do. 

Burokhera do. 

Sumpther do. ••••••• 

Beona do. 

Direct irrigation 


Sqr. miles. 
92 
31 
20 
10 
U 
86 


Cnb. feet. 
77 
26 
17 
8 
12 
72 


Cnb. feet. 
27 

9 

6 

3 

4 
25 


Totals 


252 


212 


74 



Sub-dtstributian Table No. 11. — Kootound Branch. 





Area to be 
irrigated. 


Watkb 


•SVrFLT. 


Bajbohik 


Ehnrreef. 


Bnbbee. 


Madhognrh Bajboha 

Tnisole do. 

Hnrdrok do. ....... 

Seerkee do. ...... 

Diiect irrigation 


Sqr. milei. 
49 
71 
67 
80 
200 


Cnb. feet. 
41 
60 
57 
67 
168 


Cnb. feet 
16 
21 
20 
23 
59 


Totals 


467 


393 


138 



Snb'diHribution Table No. Ill.^^Jaloun Branch. 





Am to be 
irrigated. 


WATnMllIPPLT. 


Bajbnh*. 


Kbnrreet 


Bnbbee. 


Attaria Bajboha 

Lower Jaloon Line 

Shahsadpore Bajboha ...... 

Dhentoui do. 

Direct irrigation . 


Sqr. milee. 
66 
63 
12 
12 
45 


Cnb. feet. 
56 
53 
10 
10 
38 


Cnb. feet. 
19 
18 

4 

4 
13 


TOMLS 


198 


167 


58 



Sub-dUtribution Table No. IV.—Calpee Branch. 





Area to be 
irrigated. 


Watib^upplt. 


Bftjbnhfta 


Khnrreef. 


Bnbbee. 




Sqr.milee. 


Cnb. feet 


Cnb. feet. 


TTnda Bajboha .•...«. 


26 


22 


8 


Akoree do • • • 


22 


18 


7 


fKupnsee do 


61 


52 


18 


\ Murora do. ••••••. 


30 


25 


9 


liohamdabaddo 


33 


28 


10 


Calpee Tail Line 


82 


69 


24 


TAkborpore Bajboha, 


22 


19 


7 


f Kodowra do, ...... 


97 


82 


28 


jEtowia do. 


61 


61 


18 


(.Behree do. 


25 


21 


7 


Direct irrigation 


116 


98 


34 


Totals 


676 


486 


170 
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Distances 20,830 feet. 

d = 0'67. Taking water-aurfdce, the rivdr being nearly diy, and allowing of three 
:)ration at 0*02^ as three days elapsed from the time the levels were taken at lower 
I Ealwan and the Pareecha gauge gave this daily depression in the water^s surface- 
Discharge = 293,084 cubic feet per second, with co-efficient 90 ; 
And with co-efficient 92*5=801,200 cubic feet par second. 
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On tbe lOth. Septemberj 1869, Lieutenant Dyce> B.A., assisted me in taking tbe dis- 
obarge o£ the Betwa River. The observations and other data are contained in the following 
table 1 — 





OBaBBTATKnrS. 


DBDVOSUnfB. 


No. 


Anm. cqnare feet. 


eurtaoe Velociiy. 


Mean Velocity. 


Velocity. 


Diacbaigee. cobie feet 
perieoond. 


I. 


442 


vo=i-io 


100 


1-66 


73012 


IL 


286 


VI =2-66 


2-30 


2-66 


757-90 


Til. 


693 


V2s=3'33 


3-00 


2*96 


2,051-28 


rv. 


1,206 


V3=3-25 


2*92 


3-21 


3,873-i8 


V. 


1,971 


V4=3'89 


8-50 


3-60 


6,898*60 


VI. 


1,792 


V6=3-89 


3-60 


S-71 


6,648-82 


VII. 


1,028 


V6=4-6 


3-93 


3-66 


3,762*48 


VIII. 


2,116 


V7=r3-76 


3-38 


3-34 


7,067'40 


IX. 


672 


V8=3-67 


3'30 


3-20 


2,150-40. 


X. 


399 


V9=3-44 


310 


312 


1,244'88 


XI. 


2,035 


V10=3'50 


315 


804 


6,186-40 


XII. 


714 


Vll=3-25 


2-92 


2-63 


1,877-82 


XIII. 


1,138 


V12=2-60 


2-34 


1-67 


1,900-46 


XIV. 


••■ 


V13=110 


1-00 


• •• 


• •• 




14,492 


Total disoha 


rge 


• •• 


45,149a4 



With pnr present means it would be difficult, if not impossible, to take the discharge 
when the river rose much higher than fil.618'41-- on account of the velocity preventing the 
use of boats — ^the level of its surface when the above dispharge observations were made. 

To palonlate flood-discharge therefrom-— 

/Discharge at El.618'41 =46,150=D 
Flood-level, June, 1866=66910 
Level of river-bed =608-06 
Depth of water, time of observations 10*35 ssd 
Ditto ditto flood=61*04=:ii 
Data /w^^ — <l= 60*69 

Area of water section=14,494 square feetsA 
Mean velocity =3*11 feet per second 
Breadth of river on water-lines 1,400 feet=& 
Slope of banks - 4 g°=».. 
Perimeter of section =1,440^ 
XBequire/i flood-discharge =P| 




■2l?S}=«-«x{|^-Ti-»} ■='•«' 

and Di = 388,290 cubic feet per SjBCond. 
If we calculate the flood-discharge by using mean values for the area and hydraulic mean 
depth, idl the way from the Burwa Sagur GhAfc down to Khpord, the result is not far off thp 



last.— 



Thus : The m^an area 



=84,000 squsfre fe$t 



Do. hydro. M.D.=42-99 



the faU in the bed 
and the total length 



= 4*74 feet 
=54,810 feet. 



Then: Discharge =84,000 x 90 x ^/42•99 x ^g^ 
=428,400 eubic feet per second. 
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Making this up to 500^000 cubic feet^ so as to give a wide margin, and allowing that 50|000 
cubic feet per second might be discharged into the Betwa between Pareecha and Ohusgowan, the 
area drained being 200 square miles, and the rainfall once this year 10 inches in SO hours, we 
shall have a total discharge of 550,000 cubic feet per second to pass over the canal head-weir ; 
and I think that we may safely assume that the flood-discharges cannot exceed this quantity. 



PART IV. 



THE BETWA AS A SOURCE OF SUPPLY, 

In thb following table, exhibiting the discharge of the Betwa for every month from 
December 1807, to October 1809, a period which includes a season of severe drought, we have 
at a glance almost all the information required on the subject of the '^ Betwa as a source of 
supply'':— 



Tear. 


Month. 


Date. 


Diaoharge. 


Tear. 


Mouth. 


Date. 


Ditcharge. 


1867 


December. 


21 


1,028 


1868 


July .... 


6 


120 


1868 


January . 


18 


878 


9> 


>i • • 




18 


914 


99 


February . 


5 


740 


M 


Aagust 




22 


4,072 


>» 


,1 • • • 


17 


590 


>» 


September , 




30 


1,600 


i9 


» • • • 


29 


427 


»9 


October 




»9 


160 


if 


March • • 


6 


343 


» 


November , 




9} 


81 


99 


» • • • 


18 


260 


9} 


December , 




M 


71 


99 


» • ♦ . 


30 


220 


1869 


January , 




W 


62 


** 


April . 


5 


196 


>l 


February , 




P 


53 


91 


}9 • • . 


17 


145 


» 


March 




» 


U 


» 


„ • • 


29 


109 


>» 


April 




99 


15 


» 


May . . . 


6 


100 


>» 


May . 




>» 


••• 


*» 


n • t • 


18 


89 


99 


June i 




» 


... 


» 


9f • • . 


30 


74 


» 


July 




>» 


22,000 


M 


June • • 


6 


70 


l> 


August 1 




»> 


• •• 


)» 


»> • • • 


19 


68 


M 


September 




l> 


45,000 


9> 


>» • • • 


SO 


68 


» 


October 




» 


• •. 



By the beginning of May 1869, the water ceased to flow. The first freshes came down on 
the 9th July, since which date the lowest discharge was about 10,000 cubic feet per second. 
The table tdls us that in ordinary years we shall always have enough for the canal from July to 
February, and that in the months of March, April, May and June, the supply nmst be supple- 
mented by storage, if regard be had to the cultivation of sugarcane, rice, indigo, &c. In ordi« 
nary years there appears to be no doubt of the Betwa yielding sufficient to give full irrigation 
to the rubbee crops, but in times of drought we have no hope of a supply after the middle of 
October. In plain words, the river may be said to be dry during the whole of the rubbee and 
the early months of the khurreef j so that if perennial irrigation is to be our aim, the reservoirs 
must contain enough for nine months. It appears, however, unnecessary to make provision 
for *' sugarcane,'* &c. During years of drought, it will be sufficient if we ensure the irriga- 
tion of the rubbee by a flve-months' supply, from October to February. These rubbee 
reservoirs will in ordinary years be full in February, and be ready to irri^tiC the early khur- 
reef ; and this can be done without any dangejr of the reservoirs not being re-filled, as at the 
worst of times the river brings down 4,000 cubic feet . per second during the rainy season, and 
is still discharging 1,500 cubic feet per second towards the end of September. 

Without reservoirs we can always secure the khurreef, and this saves the country; the 
produce does not go to pay the State as the rubbee produce does, but the people get a store 
of food in their homes which staves off the terrible day which a bad khui*reef and no rubbee 
must inevitably bring upon them. 

The prevailing opinion is, that in Bandelkhund, owing to the regularity of the rainfall 
and the excessive fertility of the soil, a canal project cannot be a remunerative one, especially 
as the Betwa dries up with the rest of the country in years when a canal is most wanted. It 
so happens that nearly every year there is some pergunnah or other which has suffered from 
want of rain ; and it is worthy of consideration that the Betwa might be carrying the full sup- 
ply of ordinary years, although the whole tract ^e intend to irrigate be suffering from the 
severest drought; for its source of supply lies in a belt of country extehdiDg hundred of miles 
away from the irrigation plain, and very different conditions may obtain in the upper part of 
its course to those, prhaps, in the lower. Superabundant rain might be showered over the 



Digitized by 



Google 



BETWA CANAL PROJECT IN THE NORTH-WESTERN PROVINCES. 17 



hilly country through which it flows^ creating vast reservoirs among the substrata^ which 
would, by percolation into the river-bed, afford the usual supply when the lower part of that 
Doab has been denied its share of the life-giving drops, and presents a barren, miserable 
waste. 

As to the readiness of the cultivators to make use of canal- water, it is very probable that 
at first the results will not be encouraging, but it is still more probable that the use of the 
canal-water will continually be on the increase, and that a higher and more profitable state of 
cultivation will develop itself through its fructifying channels. That the transition will be 
slower in Bundelkhund than in the Oangetic Doab must not be a matter of surprise, consider- 
ing the backward condition of the country and the natural indolence of the people. 



PART V. 

THE BED OP THE BETWA. THE BARRIERS AND THE SITE FOR THE CANAL-HEAD. 

From the Burwa Sagur Oh&t, which may be said to be the point where the river de* 
bouches from the hilly country, down to the neighbourhood of Ohusgowan, a distance o£ 
seventeen miles, the Betwa is crossed by four rocky barriers :— 

No. 1, at Pareecha. I No. 3, at Dhumna. 

„ 2, at Khoord. | „ 4, at Ghnsgowan. 

These barriers form almost continuous natural weirs in the river's bed, the cold-weather 
supply flowing through narrow gorges ; but in two cases only does the bed of the river assume 
a lower level beyond — ^at the barriers of Khoord and Ghusgowan. In the Pareecha and 
Dhumna barriers, the bed is, we may say, on the same level above and below them ; 
disregarding of course the deep still-water basins which abound in the river, one of which lies 
immediately above the barriers at Pareecha. 

At Khoord the bed falls rapidly, and 'at Ohusgowan the river takes it final leaps into 
the plains of our Doab. Such sites obviously present the most favourable conditions for the 
construction of weirs and reservoir-dams, diminishing the afflux, and allowing of the greatest 
possible storage. 

The project being inseparable from the question of storage, I have chosen the Qhusgowan 
barrier for the site of the head weir. The drainage of the country must be crossed by the 
canal in the upper miles of its course ; but this cannot be avoided except by taking the canal 
out at Pareecha— Lieutenant Home's weir site — and such a proceeding would entirely prevent 
our making use of the Betwa's bed as storage-basin from Oorcha downwards. 

To make use of the supply stored up in the river-bed, the canal-head must of necessity be 
built below the first great fall at Khoord. The Dhumna barrier is the first available site, 
but there the flood-level already rises too close to that of the country to allow of a design 
giving much afflux. The canal would be about 2k miles longer, and the drainage to be crossed 
very much the same if low levels are sought for to avoid deep digging. 

The drainage flows towards Ohusgowan, parallel to the river in a defined channel, and 
a canal taken oat at Dhumna could be carried so as to make use of it ; but the same can be 
done at Ohusgowan, and it ia a part of this project to make use of that drainage channel 
as far as possible, and thereby diminish the cost of excavating the main canal. 

It does not appear possible to take the canal out at a still lower point without incurring a 
forbidding amount of expenditure on masonry works, in crossing the wide ravines which dis- 
figure the country as the drainage nears the Betwa^s banks. Were is not for this, the Ghus- 
gowan weir would have been another reservoir-dam, holding up a large supply for times of 
scarcity and drought; but, whatever be the nature of the modifications and improvements 
suggested hereafter by the lowering of the canal- bed still more, and carrying the canal on a 
lower level despite drainage, I am of opinion that the Ohusgowan barrier is the best and last 
spot for the head-weir. Here the river takes its last great leap before the khadir begins. We 
are prevented from going higher up by the necessity of providing for storage ; from going 
below, by the great depth of the bed below the surface of the surrounding country. 



PART VI. 

LINE OF CANAL. LEVEL OF BED AND WEIR. 
I AM satisfied that the line laid down by me from Ohusgowan to the obligatory point 
near Reo, is taken along the lowest eligible contours, having regard .to the difficult nature of 
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the snrfaoe beyond^ where a line at a lower level would involve a greatly increaaed expenditure 
in masonry-works ; also that the sill of the weir cannot be raised sufficiently high to allow of 
a line on a higher contour being adopted— owing to the numerous ravines which such a line 
must cross but which adopted line turns'—being adopted with due economy in excavation. 
Assuming, then, that the line chosen is the best that circumstances will allow, it remains to 
decide upon the most suitable level for the canal-bed, considered in connection with that of the 
weir-silL 

The level of the country at the weir side is 619»»620, and B.l«605 may be taken for 
the level of the highest known flood (June, 1860, 604-88). The length of the weir would be 
2,600 feet, and it has to discharge 550, 000 cubic feet per second. 

If the sill of the weir be at B. 1. 600*00, to calculate afflux :— 



Discharge through AB=Qi=|.;tf.J. AB ^/^gAB 
Do. do. BC=Qa=(?.J.BCv/^AB 

Total discharge=Qi+Ct|=Cl; c= 0.5, co-efficient; is length of weir =2,600 feet. 

=(?.J.V^2^AB:(^+BC 

0-5 X 2,600x802 

= 8 v^AB. (2 AB+ 15) =550,000; 

whence, by trial x=AB=li feet, and the reduced level of the flood passing over the weirss 
619^, or nearly that of the country. 

At Crhusgowan the general level of the country is 620*0, about three-quarters of a mile 
above the weir site; so that any attempts to raise the sill of the permanent weir would entail 
the construction of long embankments on both sides of the river. 

It seems, then, advisable to adopt this level 600*0 (or 599*96) for the sill of the permanent 
or masonry portion of the weir; and since the canal must carry 9 feet of water to avoid a 
broad bed, and to produce the highest limit of velocity with the most convenient slope, the 
canal-head flooring would be Bl.590'96, which gives a uniform digging of 16 to 17 feet along 
the chosen line as far as the obligatory point near Beo, from which point the digging dimi- 
nishes rapidly up to the site of the first &.11. 

To diminish the depth of the digging, the height of the weir must be increased by self- 
acting apparatus which would admit of the flood passing off without sensibly increasing the 
affiux. The sudden rise of the river into flood renders the use of anything but self-acting appa- 
ratus too dangerous to be admissible. 

If the depth of the digging be diminished 4 feet, by raising the weir-sill in the above 
supplementary method, the difference in the cost of the excavation will be found to amount to 
a lakh of rupees; but the cost of the additional fall at the obligatory point, and that of the 
apparatus, will more than counterbalanoe it, to say nothing of damages that wiD probably 
occur from the shock of many a gigantic forest tree brought down by the flood, nor of the 
impossibility of converting the reach of the river above the weir into a reservoir holding up 
W9.ter during the dry months to a height of 15 feet above canal-head flooring. 
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In the foregoing calculation of the afflux, the velocity of approach. V was disregarded. 



It is equal to ^^^ 
Taking V= 8 feet— 



Diacharge_ 660,000 



66,000 



=8*40 feet per second ; 




AB^x; BC=5; i=::g=|*=l nearly. 
c=OB, and J= 2,600'. 



Qi«=Discharge through AB=}(?. i. "^^ {{n+k) ^x+^)^—i^ 
=f X 0-5 x«,600x 8-02 X { (a.+ l)|— 1 ] 



Q,= Discharge through BO=c. 6. EC. \/2^ (a?i-^) 
=0-5 X 2,600x5x8-02 x(a?+l)* 
and the whole discharge a: Ct=(;t^+Ct| 

=6,951x(«+l)*— 1} + 52,180. {(t+1)^ 
by trial «= 13 feet. 
This would admit of the sill being raised a f ootj but it is safer not to take it into account. 
The velocity of the flood-water = Vi= Discharge _ 660^ ^^.gg j^j. ^^^^ 

•^ Area. 2,600x19 ^ 

Considering all things, I believe it to be best in the end to leave the weir-sill at 600*00^ 
to have no supplementary apparatus, and to put up with having to dig 16 feet as for as the obli^ 
gatory point. 

PART VIL 

ON THE FORM OF WEIR. 

Though the rocky bed of the river usually extends a long distance, the high ridges or bar- 
riers are rarely more than 50 feet broad, sometimes only 80 feet.' It is therefore desirable 
that the weir should, while answering other requirements, be of a form which gives- 
No. 1. The smallest convenient base. 

„ 2. That it should possess a greater stability as the flood increases. 
„ 8. That it should pass off the water as easily as possible. 




The general level of two-thirds of the Ghusgowan ridge may be taken at 580*, and here 
the weir would be 20 feet high; supposing the ridge to be 50 feet broad, we must endeavour to 
use this base in the most efficient manner consistent with every requirement. 

It appears that the form ABCD is the best adapted to these conditions. 

ol 
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If the crest be diminished to BE^ and a batter given in front, the rock would not give 
sufficient base, and the piece DFO would have to be built up to supply the excess wanted. 
If to avoid this, the form DHIC were adopted, the water at half-flood would strike with great 
violence against C J ; an action which would in time produce dangerous results if the rock had 
any inclination to disintegrate at that place. 

The long batter BC both eases the flow of the water and supplies the backward forces P 
and W, to add to the weir's stability at full flood. For these reasons I consider the form 
ABCD that which should be adopted under the circumstances. 

It is true that the above considerations are not necessary in the deep part of the longitu- 
dinal section, where the weir reaches its greatest height — 50 feet ; but it appears desirable that 
the weir should have a uniform appearance, and I have therefore thought it fit to adopt the 
same form throughout. 

PART VIII. 

CALCULATION FOB THE DESIGN OF THE GHdSGOWAN WEIB. 

Point G is the centre of gravity of the weir. 
Let W= weight of the weir ; 

P=pressare (at flood) of water ; 

B=: resultant ; 

S= stability of weir; 

AB=6; AD=A; CB=»A; 

ATT— / . / 9 = weight of 1 cubic foot water, \ 
•'' 1^1= ^*to ditto of weir./ 

Then, resistance offered by the weir= Wgr^ x CT=(?=5±!!*^ xhxg^xCTio find CT 
From Bimihu- triangles, MQ:QV:: QT:TV;.TV=5I^ 

_ 2 \2h+nh)s 

6 V24+W 
andCT=CV+VT 

whence CT=^^-^^^^^^±^^^±^ 

8(2& + fliA) 
and resistance offered by weircs W^ x CT 

2 ^-^1^ I 



JL 



} 



.(.). 



"~-T— i^ 
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The overturning force = 

=P^xCK=P^x^ 

=,.{».(/ +J).(ijr)] 

=§(3^+2/»+A^) ^ 03). 

and the stability of the weir is equal to a^ ; also=R X CN.=S^ to find the point X where 
the resultant B cuts the base of the weir, we hav^j by similar triangles— 

CX : CN :: OX : OT 
orCX _ 



"W 



That is 



CX=gfi (2iiW+8fi»+6J»»] — S'[8/%+2/«+A»] ^....(i). 

^1.3.(2^ + 11*) 



The rwisting force of the dam .^ W^i x CT 
overturning force F^ x CE 

=^ (-. (2jiW + 8J» + 65.«.A.) \ 

And li'g^t the weight of stone masonry, be taken as double that of water g^ the ratio 

_ 2(2nU«.» 8^+65.11.*) 
8/* + 2/«+*« 

and putting this equal to 4 we have 

2 (2n*A*+36*+6.6.n.A)=4 (3/&+2/* + A*) 

2n»A»+36»+66.M=2(3A+2/»+A*) (3) 

In the deepest part the weir will be 50 feet high, ^=50^ ; the level of the flood passing 
over it is ill. 619'00, or 19 feet above sill, /=19^. Substituting these values for i and /in 
the foregoing equation ( S ) we have, 

5,000«»+36»+3006.»=2 (2,850+ 722+2,600)=12,144; 

and if n the battersl 

36»+3006=7,144 
&• +1006=2,381 



6+60= ^2,381 +2,600= v/4,881=69-9 
6= 19*9, or 20 feet. 

If in equation (i) 

n=l ; A= 6 ; then 6=21'4 feet. 

A=10; „ 6=21 „ 

A=16; „ 6=20*7 „ 

»=20; „ 6=20-5 „ 

^=25; „ 6=20-3 „ 

A=40; „ 6=20 „ 

This result is of course due to the calculation of the pressure from flood-surfaoCj and to 
disregarding the downward pressure or weight of water over the dam. 

If in equation ( y ) we substitute the following values— 
6=20'; n=l; fe=50; /=19; gi^2g 
the distance from C to X where the line of resistance cuts the base of the weir 



=2 f 2x0O^ + 8x2O' + &2O.5o| — f 8.19.60x2.10* +60^ \ 

\ 2.8.(2x20^60) 

=33.9 feci ' 
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The distance CT of the centre of gravity from C was found to be 
Adopting the same values 

_ 6.20.60 + 3x20«+2.&0« 
8. (2.20 + 60) 
=45.185 feet. 

Height of centre of gravity = GT 

_ /3J+«A\ ^ / 60+60 \ so 

V26 + nhj' 3— \40 + 6oJ 8 
=20-37 feet. 
To find the line of resistance in the weir when 6=80 ; »= 1 ; /= 19 ; ^1=2^ ; 

CX=al ^^^ •*• ^^ "^ S.h.nX) -g (3A + 2/« + V) 
^* ^i3.(26 + fiA). 

_ (W 4-2,400 + 240.^) - (SyA + 722 + V^ 
240 + 6;^ 

_8^+183;A+l^ <») 

240x6.* 

From which— 

when A=50 ; CX=33-94=*484 of base. 

A=45; „ =31-35= -482 „ 

A=40; „ =2874=-479 „ 

fc=35; „ =26'13=-476 „ 

^=30; „ =23-30=-466 „ 

A=25; „ =20*84= -463 „ 

^=20; „ =18-16=-454 „ 

A=16; „ =16-46=-441 „ 

^=10; „ =12-69=-423 „ 

^= 5; „ = 9-88=-395 „ 

As before stated, the effect of the pressure of the flood downwards on the weir, and 
thereby increasing its stability, has not been taken into account; but, as it may be thought 
necessary, the calculation would then be as follows :— 
The overturning force will be 

= (P.^ X CK) - (Pi^ X FH) 
The resistance will be 

= (W^i X CT) + (Wi^ X CH) + (W"s X CQ) 
Now pi^=BB+ILxsf=sr. BE. (IJ+JS+SL) 
Let JS=A;. 

=$. (^+A^+/) 

FH= 5(^+fc+^-i-*)=K^^+^+/)= 
Hence 

pi<,xFH=^^. (A+fc+/)+i(2A+fc+/) 

=y. A. [2fc«+3Wfc+3fc/+fc«+2&/+/»} 
Wij^^ff.nfc. (»±*iQ; CH=nxFH 

Hence 

WJyxCH=ff. i. »« { 2A«+3ftfc+3A/+fc»+2^+/» } 

WiV=?-6/; CQ=nA+ I 
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from flood-leveli as there most be a considerable impetus in the water flowing up to the weir 
. below the sill-level^ and I should think it difficult to compute its magnitude or to assign any 
certain limits to its action^ though we have ample evidence of its existence in the permanent 
hollows in the bed of the Betwa behind the barriers of Pareecha and Ghusgowan. Associated 
with this is the question of silt deposits^ for it is this action which renders it unnecessary to 
provide scouring-sluices x>n the body of the weir. 

That the bed of the river above the weir will alter a little may reasonably be expected^ but 
directly the nominial difference between the level of the obstruction and that of the scouring- 
line is obtained by deposits^ there will subsist a general permanency of bed-level^ or GI will 
be equal to F H. 




It is true that we may expect that the newly-acquired scouring-line EIJ will be raised 
somewhat, say to KFE, when the discharge of the river decreases, and the velocity is high 
enough to bring down the particles, but too low to carry them over the weir ; but the whole of- 
the particles forming the extra deposit KIJF will be carried off at the first flood, and the bed 

will resimie the line KIJ. Further, as the canal head-flooring is on a high level 9 feet 

below sill of weir— -there is no likelihood of the extra deposit reaching such a height as to be 
productive of inconvenience to the canal, though it appears necessary to close the canal-head 
for a day or two when the floods come down, and begin workmg out the bed to the newly-ao- 
quired scouring-line EIJ. The argument has been advanced that these deep basins in front of 
the barriers do not fill up, therefore the Betwa does not bring down silt. Personal observation 
of the state of the river-water during floods proves this to be a mistaken idea ; and if other 
evidence were wanting, the fact of the hollows among the rocks composing the barriers con- 
taining coarse sand and large pebbles gives abundant testimony to the transporting power of 
the Betwa, and to the nature of the matter it holds in suspension during floods. The Betwa does 
not present art such times the same thick pea-soup-like appearance as the large rivers the Ganges 
and Jumna do during the rains ,- for it may reasonably be supposed that a river like the Betwa 
which flows over a rocky bed would bring down less detritus, and that of a coarser nature 
than that borne away by rivers flowing through alluvial plains with a high velocity, and whose 
beds maintain their levels by a constant process of transposition and redeposit : nevertheless it 
brings down sufficient, and that of a more inconvenient size, to silt up the canal-bed near the 
' head, unless means be devised for scouring out the deposit that will take place in the first few 
miles of the canal's course ; and this can be managed by the construction of an escape at the 
site of the Saipoora Aqueduct, whereby the velocity may be increased to the desired amount 
and the deposit discharged into the river. 

Another escape is necessarily close to, and in connection with, the head-works^ to prevent 
the canal-supply from rising much beyond the calculated maximum. 

The Betwa often rises very rapidly. No dependence can be placed on the Natives in 
charge during the night ; they will go to sleep with the gates regulated to give a nine-feet 
supply at the time being, but may awake to find the canal running fifteen feet deep. To pro- 
vide against the contingency, the Ghusgowan site is pre-eminently fitted, owing to the 
immense drop the river takes immediately beyond the weir. 
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PART IX. 

RESERVOIRS. 

The difficulties that present themselves in the matter of storing up sufficient water to 
supply the Betwa Canal in season of drought are more of a financial character than created 
by any inadaptability of the country to the formation of reservoirs. The present scheme is to 
make a main storage-basin^ twelve miles along^ in the bed of the Betwa, from Khoord to the 
Burwa Sagur Ghftt, in which length the river has little or no fall^ and a subsidiary storage- 
basin higher up above Oorcha. This appears to be the cheapest way ; and if other good sites 
are found, the Betwa Canal might have a perennial supply. In the hilly region to the south 
beyond the plains of Lullutpore, great facilities may occur for holding up large volumes of 
water at a small cost. Mr. Willson, the Geological Surveyor, lately told me that in the 
neighbourhood of " Jacklone,'^ where the Betwa leaves the high lands and tumbles into the 
Lullutpore plain, there is a reach about five miles long in which during the hot weather the 
water Ues still and fifty feet deep, the whole body being held up by an immense natural weir, 
over which the Betwa discharges itself at other times of the year« Perhaps other favourable 
localities exist, and although the distance of such reservoirs from the canal-bead would be a 
great drawback, yet it is very advisable that these tracts be examined before the present scheme 
be finally adopted. 

Turning from the Betwa's bed to search for reservoir sites in the surrounding country, the 
most favourable sites are those in which the drainage crosses the quartz ridges, a phenomenon 
produced by the formation of new watersheds by lines of intrusive trap traversing the country 
in a direction different to that taken by the quartz ridges. Generally, advantage has been 
taken of such places, and a number of lakes formed behind the ridges ; these lakes cannot, 
I believe, be much increased in capacity, and now they only afford irrigation for the land lying 
immediately below the dams. There are, however, two sites which may on examination prove 
to be well adapted to the formation of large reservoirs. The first is about ten miles up the 
Jamnee River, within twenty miles of Oorcha, and the second eight miles higher up. The 
Jamnee cuts clean through two parallel quartz dykes, so that it is very likely that short dams 
could be made to hold back a large supply. It appears advisable to have the localities surveyed, 
with a view of ascertaining the merits of such a scheme* One great drawback exists in the 
fact of the Jamnee River being the boundary of British territory, so that one-half of the 
reservoirs would lie in a Native State, which would not benefit by the canal. 

The ^^ dam '^ of the proposed main reservoir will be situated opposite the village of 
Khoord, close to the *' Lower Khoord Section,'' below which the river takes a sudden drop of 
twelve feet (see Betwa River Survey Plans and Sections), 

The idea is to raise the crest of the permanent dam as much as possible without producing 
an affiux, which would entail heavy embankments ; and on this crest, by means of piers and 
.balance-gates such as are used in Holland, to hold up an extra supply. 

On the supposition that gates more than ten feet high could not be easily worked, it is 
requisite, in order to hold up the greatest possible quantity, that the permanent crest be only 
ten feet below the surface, and that without producing excessive afflux. 

No other site than that now selected offers these joint desiderata. At Khoord we have a 
sudden fall in the river's bed, a long crest to the dam, and this is placed on the very verge of 
the long level reach which is to form the reservoir. 

From equation y — 

^^-9l ^1.8.(26 + 11;^) 

and from equation § 

In the deepest part the dam will be SC/ high. The level of the floo4 is 647 or/=12' ; n=l. Sub- 
stituting these values in the last equation — 

36» +3006=9,176—6,000 
62 + 1006=^=1,392 



6+ 50= yi,392+2,600;= ^3,892 
=62-4 
6;=lg-4 
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In the first equation, if 6=13 feet, gi^2g 

166 + 6.A 
From wbich, when 

h=50 CX=31-:07=-495of base 

=45 =28-641=-494 „ 

=40 =26-075=-491 „ 

=36 =23-500= -489 „ 

=30 =20-910=-486 „ 

=25 =18-304=-482 „ 

=20 =15-674=-475 „ 

=15 =13012=-464 „ 

= 10 =10-305=-447 „ 

= 6 = 7-532=-418 „ 

The weight of the piers and gates have been left out of the calcalation. 



Calculation of the Capacity of the Main Beitoa Beservoir^supply held up at Khoord to 

R. I. 645 00. 



Name of Section. 


i 


i 


i 

< 


i 

< 

1 


i 


Contents in 
Cubic Feet. 


Lower Khoord . 


37 


2,180 


80,660 








Ditto 


30 
43 


3,220 
2,000 


96,600 


131,600 


2,100 




Upper Khoord • 


177,260 ) 
86,000} 


276,360,000 


Pareecha 




43 


1,300 


55,900 


71,000 


3,600 


255,600,000 


Oojain 




42 


1,400 


58,800 


57,400 


6,300 


361,620,000 


Baraita 




41 


1,400 


57,400 


58,100 


6,600 


383,460,000 


" Bihtari," Lower 




•43 


1,400 


60,200 


58,800 


5,300 


311,640,000 


Upper 




43 


1,100 


47,300 


63,700 


6,300 


284,610,000 


Tilheta 




41 


'1,600 


65,600 


56,400 


6,100 


344,040,000 


Bhoopnnggnr 




41 


1,600 


65,600 


65,600 


5,100 


334,560,000 


Kolwan • < 




40 


1,150 


46,000 


55,800 


4,600 


256,680,000 


Ghntwara 




39 


1,400 


54,600 


50,300 


5,300 


266,590,000 


Nohut-Gh&t 




35 


1,600 


56,000 


55,300 


6,900 


381,570,000 


The End 


••• 


• •• 


• •• 


28,000 


19,900 


657,200,000 



4,013,930,000 
Add to this the mean supply derivable from October to February in years of 

drought=86 cubic feet per second=85 x 152 x 60 x 60 x 24 . . . 1,116,300,000 

Total cubic feet . 6,130,230,000 

To calculate the afflux caused by a dam opposite Khoord, the crest being raised to 
R. 1.635 - 

Flood-level above Bite= 641*00 
Ditto below „ =636*00 
Length of weir = b = 6,500 feet. 
Flood discharge = 550,000 cubic feet per second. 

C 

I 
I 
I 

I 
I 

I 

A^™\- ^ Mi 

» N. \ 

^1 — Xli^^^ ^ : — e^c. 

mwy/J^ ^^•^* 




Digitized by 



Google 



BETWA CANAL PROJECT IN THE NOBTH-WESl'BaN PEOVINCES. 



27 



Let affiax CD=;i; 

Quantity discharged through BC 

= Q,=|. c. 6. (5+aj)V2c7 (^+») 
= f X -5 X 5,500 X 8-02 x (5 + ar)| 
=14,703 X (5 +aj)f 
Quantity discharged through AB 

= Qj= 6. ABV2^. (5+aj) 

= -5 X 5,500 X 1 X 8-02 x (5 +aj)i 
= 22,055 x(5+aj)i 
Hence total discharge=Q=Qi+Q,=14,703 x (5+a?)f + 22,055 x (5 + a?)i; and if ar=6 
feet, the weir will pass ofiE 609,380 cubic feet per second. Putting the obstruction offered by 
the piers at 0*1, the discharge, with afflux=63 would be 548,442 cubic feet per second. 
The flood-level lower down is only 631-58, but I have taken 636 for safety's sake. 
With afflux =0?= 6 feet, the R. 1. of flood above the dam will be 647, or two feet above the 
country, so that small embankments will have to be constructed for some distance up — a mile 
at the outside. 

Adopting the same form as that used for the Ghusgowan Weir — 



.eW. 




yrw 



Calculation of the Evaporating Surface. 



Name of section. 



Mean 

Breadth of 

River. 



Means. 



Distances. 



Evaporating Areas. 



Lower Khoord 
Upper ditto 
Pareecha . 
Oojain 
Baraita 
Lower Bihtari 
Upper „ 
Tilheta 
Bhoopnugger 
Kolwan 
Ghutwara . 
Nohut Ghftt 
The End . 



Total Sq. Feet 



5,400 
2,000 
1,300 
1,400 
1,400 
1,400 
1,100 
1,600 
1,690 
1,150 
1,400 
1,600 
1,600 



3,700 
1,650 
1,350 
1,400 
1,400 
1,250 
1,350 
1,600 
1,375 
1,275 
1,500 
1,600 



2,100 
3,600 
6,300 
6,600 
5,300 
5,300 
6,100 
5,100 
4,600 
5,300 
6,900 
9,950 



7,770,000 
5,940,000 
8,505,000 
9,240,000 
7,420,000 
6,625,000 
8,235,000 
8,160,000 
6,325,000 
6,757,500 
10,350,000 
15,920,000 



101,247,500 



In the month of June 1869, when the Betwa River had ceased to flow, the daily fall in 
the surface wa8=*0&' = 8'04 feet in five nA>nths. Applying this to the above evaporating sur- 
face, the loss by evaporation=307,792,400 cubic feet. Of course this assumption as to the 
amount of evaporation is subject to doubt; firstly, because, although the river had no apparent 
flow, yet its bed must have received a certain amount of supply by percolation ; secondly, be- 
cause the result is based on observations made during the hot weather, whereas the period 

Pi 
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before us embraces the oold-weather months^ I have adopted this value on the supposition 
that these influences counteract each other. I believe that Colonel Brownlow ascertained that 
* 75 of an inch disappeared by evaporation during the hot- weather months in " Bundelkhund 
tanks/' It is needless to say that this does not help us under the peculiar circumstances of 
the case. 

The question of loss by percolation is surrounded by still greater diflSculties. I have no 
means of forming any reliable estimate of it^ and I believe this is the first attempt of the kind 
in India to convert the bed of a large river into a stoiage-basin. Such cases^ had they oc)3ur- 
red^ might also have differed widely from that which we are dealing with. 

As regards the reservoir itself^ the formatoin of the underlying rocks favours the idea 
that percolation will be confined by che quartz dykes running parallel with the Betwa^ and that 
most of it will find its way over the crystalline base of the country back into the river below 
the reservoir-dam. But beyond this dam the water has to be held up 4^ feet above the canal- 
floorings far above the bed of the river; and here the circumstances do not appear so favourable 
to the prevention of a spread in percolation as they are in the case of the reservoir. 

Havings then, no means of ascertaining the loss by percolation^ it appears best to leave it 
for the present out of the calculation. The loss may be sufficiently great to entail the neces- 
sity of constructing an extra reservoir-dam. 



PART X. 

CROSS-DRAINAGE. 



Thb absolute necessity of making a storage-basin of the Betwa Biver in order to give the 
canal a perennial supply^ forces us to take the canal out lower down the Betwa's course than 
the position assigned by it to Lieutenant Home. Had it not been necessary to provide this 
storage^ preference might have been given to Lieutenant Homers line, or another line from 
Khoords as avoiding interference with the natural drainage of the country. Under present re- 
quirements, the line of canal has been taken along the lowest possible contours, avoiding the 
deep and extensive ravines through which the drainage pours itself into the Betwa. Fifteen 
miles from the head it reaches the main^ or general watershed of the country^ in the obligatory 
point laid down by Colonel Greathed. 'Ihe canal is then carried along the eastern watershed 
as far as its bifurcation into the '^ Kootound '' and '^ Calpee '' branches, and here the latter is 
carried across the central drainage on to the western or Calpee watershed. 

It is quite open to question whether the present design is the best. It may be thought 
that the three great irrigation lines should emanate from a point somewhat near the site of the 
Kukkul Bajbuha head, and^such a disposition would do away with interference with the natural 
drainage; but the rapid outfall of the country is an important part of the consideration, espe- 
cially in connection with the necessity of providing for navigation on the Calpee line. 

The reduced level of the ground at the Eukkul Bajbuha head (A on sketch-map) is 588*60 
that of B (a point common to both lines) = 512-61, and of C=527-85. The length of AB = 19 
miles, and fall= 76 feet. 

As the chief of the three lines, the Calpee branch, would have to overcome a fall of 76 
feet in 19 miles, I believe that the expenditure involved in bringing down the supply by three 
separate lines to the level of BC would be greater than that involved in executing the present 
design ; but the matter is worthy of further examination. 

If the main canal were brought up to the Kukkul Bajbuha head^ and there divided into 
the three branches, the supply of each would be as follows :~- 

Calpee branch . . ... . • . 690 cubic feet per second. 

Jaloun ,» 214 

Kootound,, . 504 



» i$ 



Total . 1,408 „ 

The sections of the '' Kukkul '^ and '' Baroda'^ Bajbuhas being among the other drawings 
submitted with the project^ an estimate can be drawn up without any further survey being 
required. 

In the accompanpng sketch map, the drainage areas interfered with by the canal are 
coloured pink, blue, and yellow : the pink colour represents the area that drains itself across 
the main canal from its head to the obligatory point on the watershed; the blue and yellow 



Digitized by 



Google 



BETWA CANAL PROJECT IN THE NORTH-WESTERN PROVINCES. 



29 



colours represent the areas draining themselves across the Calpee Branch — the distinction in 
colonr being given to show the quantity that it is proposed to pass over the Branch, and that 
which it is proposed to turn off into the Betwa Khadir. 
The areas thus represented are : — 

Pink 59 square miles. 

Blue 92 „ „ 

Yellow 18 „ „ 

The rainfall on the 2Srd of* last July is stated to be the greatest yet known in the 
neighbourhood of '^ Mote ;'' in the tehsil register of that place it is entered as 0'8S' during the 
twenty-four hours^ or above 10 inches. 

I assume that the greatest probable fall distributed over such areas as those above will not 
exceed 9", or 0-75; using this, every square mile would drain off 242 cubic feet per second, 
supposing that this exceedingly heavy fall occurred after the soil had Jbeen thoroughly saturat- 
ed by previous long-continued showers, which was the case in July last. 
With these figures, provision must be made to pass off — 

In the pink tract .... 242 x 59=14,278 cubic feet per second. 

„ blue , 242x92=22,264 „ „ 

„ yeUow „ . . . . 242 X 18= 4,356 „ „ 

Total . 40,898 „ „ 

And this through the following channels : — 

(1) Saipoora Nulla 242 x 17= 4,114 

(2) Ramnuggur Nulla 242x12= 2,904 

(3) Burwa Nuddee . . . . . . . . 242x20=4,840 

(4) Reo and other nuUas 242x10= 2,420 

(5) Kaseepoora Nulla 242x36=8,712 

(6) Seetab Nulla '. 242x56=13,652 

(7) Lead into Betwa . • • . 4,356 

Total •. Cb. ft. 40,898 

Nos. I, 2, 8, are well-marked, broad and deep, fed by numerous lateral drainage channels. 
The others, Nos. 4, 5, 6, are of a very different character, presenting a small waterway ; in- 
deed, Nos. 5 and 6 are so small that they are hardly noticed in traversing the country along 
the line taken by the Calpee Branch. It is evident, then, that in these cases the drainage sub- 
mei^es a wide expanse, instead of collecting and discharging itself through confined channels. 

Nos. lyi,S, can be crossed by ordinary aqueducts ; of No. 4, part must be passed by 
syphons, part taken in and part thrown into the Barwa Nuddee; Nos. 5 and 6 have discharges 
too formidable to admit of their being collected and passed underneath the Calpee Branchy 
considering the nature of the country beyond— which presents a fertile richly-cultivated 
plain^until a more thorough survey is made of the country round about Koonch, and of the 
nature of the drainage lines in its neighbourhood, for these appear to develop rapidly a short 
distance beyond the Calpee Branch crossing. The most advisable way of dealing with these 
large bodies of water appears to be to interfere as little as possible with them, allowing them 
to pass in and out of the canal over long weirs — providing a regulator at the down-stream 
wing to prevent the canal being flooded beyond, between the terminus of the weir and the 
Jakowlee Escape head. 
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A weir passes off 3*2 cubic feet per second over each foot of length with a depth on its 
crest of one foot. Adopting this, to prevent restriction and flooding the Easseepoora Weir 
would be 2,722 feet long, and that of the Seetah Nulla 4^235 feet. 
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Objection might be taken to this method of treating the drainage on the ground that the 
canal-bed might silt up. I do not think there is any probability of such a thing occurring. 
The water would be flowing along the canal at the highest limit of velocity ; further I observed 
last July, when the whole country had the appearance of a large shallow h,ke, when the water 
was pouring out of it across the " metalled road to Cawnpore/* that the water was remarkably 
clear, though its surface was in many places covered with bits of grass, sticks, and other float- 
ing matter. 

Mr. Richardson has drawn up a design for the passage of this drainage on the above 
principle ; the cost will be about two lakhs of rupees. The expenditure on the locks and fall, 
of the alterative line to Calpee, and that on the Kootound and Jaloun Branches will, I believe, 
be found to outweigh this by a considerable amount. 



APPENDIX I. 

BETWA CANAL. 

3Iain line and Calpee Branch Navigable — Modifications and rednciione on Captain Bagge's Pro- 
ject — Estimates of cost of Khurreef Canals^ with irrigated Area — General result. 

1. This project consists of — 

36| miles main channel, I N" ' w 

61 „ branch to Calpee, J ^^^* ^' 

31 „ branch to Jalonn, 1 t • x- 

39 „ biunch to Kootound, . . . .} Irrigation only. 

With 499 miles of distribution channels. 

'I. The head is situated about one mile below the village of Ghusgowan, where a suitable 
locality presents itself for the construction of the weir. 

3. It is estimated that the khurreef requirements will be 1,400 cubic feet per second, in- 
cluding 150 cubic feet per second for navigation towards the tail of the Calpee Branch. The 
rubbee requirements are calculated to be 440 cubic feet per second. 

4. To secure a perennial supply, of which 440 cubic feet shall be the minimum, two dams 
will be built across tiie Betwa — one opposite the village of Khoord, seven and a half miles above 
the canal head weir, another in some favourable site above the old city of Oorcha, some thirty 
miles higher up. 

5. Including the head weir, the estimated cost of the canal, its branches, and distribution 
channels, is 45 lakhs of rupees, and that of the reservoir-dams an equal amount, making a total 
of 90 lakhs j and the estimated return 5*86 per cent. 

6. This return may be increased by modification of the present design, allowing of reduc- 
tions (A) in the expenditure ; also by the construction (B) of khurreef canals taken out of the 
Betwa above the dams. 

7. (A) Reductions: — 

(a) By doing away with the locks at the tail of the Calpee Branch and B 

substituting ordinary falls, a saving may be effected of . . 1,02,000 

(6) The Easeepore and Seetah drainage works have been designed to pass 
o£E the total rainfall in six hours, which has been taken at a 
maximum of nine inches, and these works are estimated to cost 
B 1,20,000. Assuming that one-third of the rainfall will be absorbed 
by the soil, and holding up the remainder for twenty-four hours 
longer, the works would only be required to pass off one-third of 
the total faU, and the cost may be reduced to &50,000 which is a 
savmgof 70,000 

(p) The cost of the distribution channels taken along the canal boundaries 
may be much reduced by keeping them close to the banks of the 
main lines, whereby the outer bank only would be required ; and 
in cases where, for instance on the main canal, there is a suffi- 
cient surplns of earth from the digging, the construction of these 
rajbuhas might go on simultaneously with that of the, main canal, 
and the expenditure on them would be hardly appreciable. In 
this way llie estimated outlay on the earthwork may be reduced 
by , 56,000 

Carried forward . 8,28,000 
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B 

Bponglit forward . 2,28,000 
(d) In the design for the bead weir, B7,8O,00O are devoted to facing 
and paving with granite ; the estimate being 390,000 cnbic feet at 
E2 per foot. This protects the whole of the sill and back-slope, 
and five feet of the breast, with dressed granite blocks to a thick- 
ness of three feet, the body of the weir being rabble masonry. 
tt appears that if only ten feet of the back-slope be paved, suffi- 
cient protection will be afforded — 



t0^ 




This modification of the design will admit of a saving of one- 
half the estimated cost, or nearly ...... 4,00,000 

(c) In the Khoord reservoir-dam the granite paving, is estimated to cost 
B15,20,000. 
Here, by adopting the same method of protection as in the case 
of the weir, a reduction may be made of nearly .... 7,00,000 

And if it be assumed that the Oorcha reservoir-dam will cost 
the same as the Khoord dam, the saving on it will be • . . 2,00,000 

Making a total of • 15,28,000 

8. In Appendix B,* Abstract of Estimates, the cost of construction, not including con- 
tingencies, is put down at 80i lakhs of rupees, from which if we take the foregoing reduc- 
tions, the balance, 65 lakhs, will represent the cost of constructing the Betwa Canal, distri- 
buted as follows : — 

Beservoir-dams, .......••• 35,00,000 

Canal head weir, 6,00,000 

Betwa Canal, 24,00,000 

Total . 65,00,000 

To this if we add contingencies of contraction at 5 per cent., the original outlay would be — 

B 
Reservoir-dams, ....... . • 36,75,000 

Head weir, 6,30,000 

Betwa Canal, . 25,20,000 i 

Total . 68,20,000 

9. (B) Kiurreef Canals :— 

From the accompanying tabular statements, it will be seen that the four khurreef canals 
will cost H2,96,000, and that the irrigated area will amount to 32,000 acres. 

10. To the original outlay must be added the cost of maintenance and collection^ of 
revenue :— 

20 per cent, on perennial canal. 
15 „ khurreef „ 

5 „ river works, the weir, and reservoir-dams. 

Nature of Work. Cost of construction. 

B 

Biver Works 43,05,000 

Betwa Canal, , . . 25,20,000 

Khurreef,, 2,96,000 

• Total . 71,21,000 
Superintendence @ 7 per cent., 4,98,470 

Total outlay . 76,19,470 
• Not printed. 
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BuNDELKHUND Ierigation. — AbUract of Estimates of Cost, 8fc., of Khurreef Canals taken ovt 
of the Betwa River above the Weir and Beservoir^dams, 



Name of Cftnal. 


Length. 
innOles. 


Area within 

inflaenoe, 

inequare 

mllee. 


Water-supply 

required, 

cubic feet 

per aecond. 


T<ytal 
discharge. 


Cost of each 
canal. 


TotaL 


Grand 
Total. 


Area that 
will be irri- 
gated, in 
acred. 


Aijar Canal, . 
Jhansie „ 
Chirgong „ 
Goorserai „ 


64 
56 
36 
93 


164 

78 

80 

215 


138 
66 
68 

181 


••• 

••• 


B 

96,000 

46,400 

36,400 

1,04,000 


B 

••• 


... 
••• 


9,676 

4,602 

4,720 

12,685 


Total 


239 
Add 


637 
6 per cent. 


452 
for conting 


462 
encies, ne 


arly, 


2,81,800 
14.200 


••• 


31,683 




2,96,000 





Abjak Khubreef Canal.— J7j?a^ at Upper Reservoir-dam above the old Cify of Ooreha, Left 

Bank of Betwa, 



Name of Canal or Branch. 


Lensrth, 
in miles. 


AmawtthlD 

inflanee^ 

Inaanan 

mUes. 


water-supply 
required, 
cubic feet 
per second. 


Total 
discharge. 


Probable 

ayerage cost 

per mile. 


Total." 


Grand 
ToUl. 


Area that 

will be irri. 

gated, in 

acres. 


Main Oanal, • 
Tareecha Branch, 
Bomora .»» . • 
Minor distribution chan- 


82 
12 
10 


128 
24 
13 

• *• 


108 
20 
10 

flit 
••• 


••• 

••• 
••• 


1,000 
600 
600 

200 
••• 


32.000 
7,200 
6,000 


••1 

46,200 
10,800 

40,000 


7,662 

1,416 

708 


nels, per mile of canal, 
Extraordinary masonry- 
works in crossing 
drainage. 


••• 


... 


Total 


64 


164 


138 


138 


••• 


•I* 


96,000 


9.676 



Jhansie Khubbbef Canal. — Head at Upper Reservoir-dam above the City of Oorcha, Left 

Bank of Betwa, 



Name of Canal or Branch, 



Length, 
innules. 



Main Canal, 
^urra^n Branch, 
Jhansie ,, 

Samurdha „ 
Distrihution channels 
(minor), per mile of 

Aii.nA.1. 



canal. 



Total 



16 

10 



Area within 

Influence, 

in square 

miles. 



4 
44 
20 
10 



66 



78 



Water-supply 
required, 
cubic feet 
per second. 



4 
36 
17 

9 



65 



Total 
discharge. 



65 



Probable 

ayerage cost 

per mile. 



800 
600 
600 
600 



200 



Total. 



B 

6.400 

13,200 

9,600 

6,000 



Grand 
TotaL 



B 



35,200 



11,200 



46,400 



Area that 

will be irri. 

gated. in 

acres. 



2,696 

1,180 

690 



4,602 



Chibgong Khubbbef Canal. — Head at Khoord Reservoir -iam^ left bank of Betwa. 



Name of Canal or Branch. 


Length 
in miles. 


Area within 
influence, in 
square miles. 


Water-supply 
required, 

cubic feet per 
second. 


• 
Totel disf 
charge. 


Probable 

arerage cost 

per mile. 


Total. 


Grand 
Total. 


Area that wiU 
be irrigated, 
in acres. 


Mun Line . 
Baraioh Rajhhuha . 
Minor distrihution ohan- 


30 
6 


62 
18 

••• 


62 
16 


68 


B 

800 
700 

200 


B 

24.000 

4,200 


B 

28,200 

7,200 


3,658 
1.062 


nels, per mile of canal . 


•• 


4,720 


Total . 


86 


80 


68 


•• 


1 


36,400 
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GooBSBRAi Khurrbkf Canal. — Head an Right Bank of the Betwa River ^ at the BeUoa 

Canal-head Weir. 


Name of Cenal or Bnuieh. 


Lensrtb. 
insSles. 


Area within 
eqoare miles. 


Water-supply 
reqalred, 

onbiofeet per 
seoond. 


Total dlB- 
charge. 


Probable 

arerage cost 

per mile. 


Total. 


Grand 
TotaL 


Area that will 
be irrigated^ 
in acres. 


Main Oaoal 
Loharfcnnj Branch 
Heeranugger „ . 
Eriph „ . 
Tigurea „ . 


32 

12 
24 
15 
10 


100 

20 

40 

40 

• 15 

••• 


84 

17 
34 
84 
12 

••• 


• •* 


B 

900 
600 
600 
600 
600 

200 


B 

28,800 
7,200 

14^400 
9,000 
6,000 


B 

• •* 

65^400 
18,600 

20,000 


5,900 
1,180 
2.360 
2,360 

885 


Minor distribntion chan- 
nels, at per mile of 
canal. 

Extraordinary works 
crossing drainage. 


•*• 


••• 


Total . 


93 


216 


181 


181 


••• 


••• - 


1,04,000 


12,685 



11. Thus the total oatlay will be &76,20,000. The revenue de- 
rivable from the khurreef canals, taken at B2 per acre, will amount to • 64^000 
That from the Betwa Canal 5,28,000 



Total Bevenue 



5,92,000 



APPENDIX 11. . 

BETWA CANAL, 

Estimatfi of extra coit involved in providing for navigation down to the Jumna at Caljsee, a 
compared with that on tie construction of irrigating eanah without navigation. 

1. In Part X of his report, Captain Bagge adheres to his present scheme of crossing the 
drainage between points C and B, in consideration of its being less expensive than carrying 
down tiie supply in three separate channels from point A to the latitude of BC, the eastern or 
navigable line to Calpee being by such an arrangement carried down the line of greatest 
out&ll, AB. The reductions made in the cost of crossing that drainage (B70,000) go to 
strengthen this view. Further, the navigable line CB, and thence to Calpee, has but one fall 
in its entire length, the bed being carried down at an uniform slope of li feet per mile : and 
if navigation is to be provided, the scheme as it stands at present appears to be the best; but 
in estimating the extra expenditure involved in providing for navigation over and above that 
which would be necessary in constructing simple irrigation lines, it would appear advisable to 
bring the main canal up to the point A, and there divide it into three branches >— 
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Canal. 



Kharreef supply. 



Babbee sapplj. 



Main Canal 
Kootound Branch 
Jalonn ,, 

Calpee „ 



1,258 

504 
214 
540 



For the '^ Kootoond Branch/' with a section 



440 

176 

75 

189 




slopes li to 1, deptt of waterssS feet, dischaige 504, and maximum velocity=8 feet per 
second :^' 

Area=^!?^=^=168=(5+4-5)3, 
Velocity 8 \ ■ / » 

OP width of bed, 6=51-5^ 



And since Vs3=90 . /^^^ *' 
V 62 3 6»280 

Slope of bed:s%=2*17 feet per mile. 

When the dischai^ is reduced to its minimum, 176 oubio feet per seeond,— 

The depth of the water will be=:l*5 feet, 

and the velooityts2*18 feet per second. 

Porthe'^'CalpeeBranch:''-— Discharges 540 cubic fiset per second, dbpth of watered' 
TnaTiii(iiim i^ocity = 3' per second. 

Area=:=5|? =180= (6 +4-5)3, 

8 

and 5=55*5 feet. 



»,280 



Also, V=3=90 . /i?? _4_ 

V 66-3 ^ 6,28 
or ^=2*16 feet per mile. 
The depth at minimum supply may be taken as equal, or nearly so, to 1-5 feet. 

Forthe*'JalounBranch:''— Discharge =214, depth of waters 8', maximum Telocity = 8 
feet per second. 



Area=:?|^fif:71-3«(6+4-6)a* 
a=19-2', 



V 80 ^6^280 
^2*46 feet per mile. 
Carried down with these slopes, and a maximum depth of water = S f eet-— 
The Calpee Branch will still require six falls of 6 feet. each; 
The Eootound Branch will require two falls of 6 feet each ; 
The Jaloun Branch will require three falls of 6 feet each. 

To get at the difference between the cost of the scheme witk nairigaition. and those 
not providing it, we have on one side^- 

Expenditure on Main Canal, • • • • . 
Ditto Calpee Branch, • • • • . 
Ditto Raising bridges, Ac*, along the line, • 
Ditto Kukhul Bajbuha, .... 
Ditto Baroda „ 



N. 
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And on the other side 

Eootonnd Branch, AC 

Jalonn 9, AD? 

Oalpee „ ABr - ^• 

y, masonry works in, • • . • . . BE 

Xiet the former be denoted by N, and the latter by I. 

Under Head N, in the acc^xapanying estimates : — 

The expenditnre on AC, =R 6,28,704i 

Ditto BC, =„ 1,46,022 

Ditto BE, =„ 1,26,269 

Ditto AB, =„ 21,000 

Ditto AD =„ 13,700 



Total cost. 



R 8,34,695 



Under Head I :— 

The expenditure on AC, =:R 95,810 

Ditto AD, =„ 46,012 

Ditto AB, = „ 1,66,990 

Ditto BE, =„ 60,600 

R 3,68,412 

Hence, difference hi cost, ..••••• R 4,76,283 
Add 6 per cent., contingencies, , 23,814 

R 6,00,097 
And 20 per cent/for maintenance, „ 1,00,000 

DifEerence, due to navigation, . • . • . . R 6,00,000 



~ A stUl gi«ater difference maybe obtained by taking into consideration the diminished 
discharge (by IM cubic feet navigation supply) in the main canal requiring a narrower bed^ 
and ako by taking into consideration the difference in the earthwork on the Oalpee Branch 
beyond the point B ; but I think that^ as it stands, 4 lakhs may be fairly taken as the extra 
expenditure involved in providing for navigation along the main canal and the Calpee Branch. 

Estimates Undbr Hbad N.-^ifat» Canal, from A to C. 



Nature of work. 


Qaantity. 


Bate. 


Coat. 


Earthwork in channel 
Ditto in approac 
Bnbhle masonry* in li 
Plain brickwork, 
Archwork, 
Concrete, 
Granite paving, 
Cabio feet timber, . 
Paira of lock-gateB, . 


lies, 
me, 




- 








71,76r/)00 

9,781,000 

\516,675 

609,059 

«e,t68 

afiS^215 , 

.8,000 

ao 


B 8 per 1,000 
>» 8 „ 
„ 15 per cent. 

:: I 

,,2,0)0 


R 

S,18,27l 
80.843 
77,851 

1,21,812 

14.064 

.29.537 

16.000 

1,826 

20^000 
















TtetalferAC, 


• a 


• 5,28,704 



Calpee Branch, from Cta B. 



Earthwork in channel. 

Ditto in approadies, . 
Plain brickwork, in lime, . 
Archwork, .... 
goetah and Kaseepooia Drainage, 
Cubic feet timber, . 



16,980,000 

1;847,000 

164,500 

23,600 

'" 247 

Total for CB, 



B 8 per 1,000 

n 8 „ 

^ 20 per cent. 

»» 25 „ 



50,940 

5,541 

.32,900 

5,9iX) 

80.000 

741 

1,46,022 



1 1 
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Calpee Branchy Maaonry-iDOfhffrom Bio E. 



Nature of work. 



Qotntlti. 



Bate. 



Cost. 



Plain brickwork, in lime, 

Archwork, 

Concrete, * . . 

Granite paving. 

Stone pitching. 

Earthwork in approaches, 

Sleepers, 

Pairs of lock-gates, . 

Sets of chains and rings, 



421.000 

89,000 

6,060 

ISO 

6,600 

7.728,000 

22 

2 

2 

Total for BE, 



20 per cent 
26 ,. 

8 „ 
8 „ 
2 per cent. 
8 per 1,000 
4 
8,600 
60 



B 

84,200 

9,760 

406 

890 

132 

23,184 

88 

7,000 

120 



1.26»269 



The estimated cost of the Eukknl Rajbnha in Appendix B.,* 
Ditto ditto Baroda Bigbnha 



B 21,000 
„ 18,700 



Estimates Under Head I.—Calpee Brand, Ato B. 




Earthwork in channel— Length 19 miles— d. 6^, bed 66', 

Masoniy-works^Falls 6', 

Ditto Bridges. 

Branch head in main canal 


88,630.000. 
6 
8 


B 8 per 1,000 

,,2,600 

^2.600 


1,16,690 
16.600 
20,800 
16,000 




Total for AB, 


. B 


1,66.990 





Calpee Branchy B to E. 






Masonry-works— Bridges, . 

Ditto ditto. 
Kndowra Bajbnha-head and bridge 


• • • 


11 

u 

1 


B 2,600 
,, 1,600 

. B 


80,600 

16^600 

8.600 






Total for BE, 


60,600 



Kootound Branch, A to C. 






Earthwork in channel— Length 19 miles-4. 4', bed 6V, 

Masonry-works— Falls 6'. 

Ditto Bridges, 


28,270,000 
2 

8 


B 8 per 1,000 
„ 2.600 . 
« 2,600 

• • • B 


69,810 

6.200 

20,800 


• 


Total for AC, 


96.810 



Jalonn Brand, A to D. 






Earthwork in channel- Length 18 miles— d. 4', bed 19, 

Masonry-works— Falls 6', 

Ditto Bridges . . ... 


9,604,000 
8 
8 


fi 8 per 1,000 
„ 1,600 
„ 1,600 

. B 


28,612 

4,500 

12.000 




Total for AD, 


46.012 



APPENDIX A. 

Navigation how to be provided for at the lower end of the Calpee Branch, 

After the Eadowra Bajbuha is taken from the Calpee Branchy the discharge is reduced to 
218 cubic feet per second^ and the navigation will require a minimum depth of 5 feet of water^ 
which reduces the bed of the canal to 9 feet| with slopes of U to 1. 

With this width of bed it appears difficult where the falls occur, to carry out a separate 
lock-channel without making it in still water, thereby causing silt; and the only way in which 
it can be arranged is by combining fall and lockj a drawing of which is sent up. 

The difficulty which arises in this plan is, how to get the boats up against the &11- 
water ; but it is my opinion that by lengthening the lock-chamber, and giving the boatmen 
every assistance with chains hung at the sides of the chamber, and if necessary a set of blocks, 
they would be able to get into the lock-chamber : once inside, the water would rapidly rise, 
and get still, the lower gates being closed. 

The upper gate being merely a skeleton frame, its lower portion forming a weir 2^ feet 
high would be easily opened, and the boats would pass out easily when the water rose 9 feet no 
the lower gate. 

* Not printed. 
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The upper and lower gates are both to be made of wrought-iron strengthened by T 
and L -irons. 

The upper one will be a skeleton frame of T -in>n, with the exception of the lower portion, 
which will be i-inch plate and 2^ feet deep^ which forms the weir-plate. 

The lower gate is to be made exactly the same as the gate designed by Mr. Campbell for 
the Assui&nuggur upper gate^ with the exception that the sluices must have a larger area. 
This gate will be 10 feet high^ with six sluices each 3*66 square feet area. 

The water discharging into the lock=218 cubic feet per second. 

The sluice area provided will discharge^ with a 5-feet head, 242 cubic feet per second. 

In calculating the discharge by the sluices; the pressure of the water at the lower canal - 
level must be taken into account, which I have taken at 4 feet deep after the boat has passed 
through, leaving an effective head of 5 feet, the water having lowered after the closing of the 
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gates during the time the boat was passing through. 

The weir-gate can discharge 234 cubic feet per second with 2] feet on crest. 

In order further to provide for safety, so that the water should not rise above 9 feet in 
the lock-chamber, I propose to take out an escape-channel with plank arrangement, which will, 
if necessary, assist the sluices if any one of them get out of order. 



tg 



jPlan^ 



The extra length given to the lock-chamber in this case is 34 feet more than the Ganges 
Canal remodelling pattern, which, in my opinion, will be ample in the case of a Si feet fall. 

W. Pelham Richardson, 
Jsst. Engr.f Bundelkhund Irrigatian Surveys. 
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APPENDIX B. 

Answers to qneOionsput to 'District Officers, Bundelihuftd IfrigAtum. 

Question 1. — Whether irrigation from streams, jheek, or other natural sources, is now 
practised ? If so, to what extent ? Actual areas being stated if possible, otherwise an ^pprcfid- 
mation to be given. 

Question 2. — If irrigation is anywhere .peaetLsed, do the landholders pay any mte to 
Government for the use of the water ? If not, have they aoy prescriptive right to use it ? 

Qutetton d.>— What is the avemge depth of water below the mrfaoe of the ground ? 'State 
also the maximum and minimum depths, specifying the namea of the places where tiie water is 
found at the greatest and least depths. 

Question ^.— ^Do facilities exist for making (kutcha) wells? If so, are there many in use 
for irrigation purposes, and what is the average cost of making them ? 

Question 5. — Do facilities exist for making minor irrigation works from tanks, jheels, 
nullahs, or other sources? If so, state the portion or portions of the district which would 
probably be benefited, And pdint out which works it w^mld be requisite to undertake first. 

Qffex^t^n ff«-^In the event of 4my irrigation works being carried out, state whether any 
special arrangement should be made with reference to charging for the water supplied, conse- 
quent en any peculiarity of the tetmre of land or otherwise , and mention what would be the 
probable fair money-value of water to the chief crops likely to require it. 

Question 7. — ^In what months are the '' puleves '' (or first watering^ for breaking up and 
preparing the land) for the khurreef and rubbee crops required ? 

Question 8. — ^What are the more important crops of the district? Give 4hpproximate areas 
of cultivation. 

Question ^^-— What ia the weight of the ordiiuuy produce ef the^ciiief ^irops* par acre irriga- 
ted and unirrigated ? 

Question 10. — Is there at present any important export of agricultural produce? If so, to 
' what places, and what are the chief staples ? 

Question 11. — What are the chief marts for the agricultural produce of the district ; and 
what are the chief lines on which water-carriage is likely to be most valuable for the purposes 
of inland trade, either in respect of agricultural produce or any other commodity? 

Question J;8.— Is there any " reh *' or " oosur *' land in the district ? If so, specify whei« 
and state actual and approximate areas. 

Question 13. — Is there any register of the Ganges nudntained showing the daily height of 
water in any of the rivers or streams in the district ? 

Question 14. — Is any protection by drainage embankment, or other works, needed for the 
district, or any part of it ? And in the event of such protection being reqm'red, state if the 
flood-water brings down silt of a fertilizing description. 

Answebs to QuEsridN 1. 

Jhansie.^^Vio irrigatioai from streams, jheels, &c , that I know of. 

Irrigated area at settlement 21^,401, from tauks, wells, &c. 

Jaloun.—1h^ only irrigation in this district is from wells, generally near villages. The 
extent of such irrigation is very small. In pergunnah Madhogurh the irrigation from kutcha 
wells, for sugar-cane chiefly, may cover about 1,087 acres. 

Sumeerpoor.^^lfo irrigation in this pergunnah is practised from streams, jheels, or other 
natural sources; about liObeegahs are irrigated from wells in Humeerpoor, and 240 beegahs in 
Somurpore. 

Jlfo^rfAa.— Ditto, ditto ; about 566 beegahs are irrigated from wells. 

Jellapore.'^ About 100 beegahs are irrigated from the River Betwa in mouzahs on its 
banks, as well as from wells. 

Raat. — No irrigation from streams, jheels, or other natural sources is practised in this 
pergunnah. 

Punwaree: — 'About 9,800 beegahs are irrigated from wells in pergunnah Punwaree, and 
8,522 beegahs in Jeitpore ; about 360 beegahs, also, are irrigated from the Bala Tal Lake in 
pergunnah Jeitpore. 
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MuAoba.'^Ahout 904 beegahs are irrigated from the lakes in tfaii pergunnah ; bo irriga. 
tion from streams is practised. 

BatHla^^Tbeve is no irrigation {rom draina^ jheels, or other natural spnrees now practised 
in this district. Land adjoining villages and onltiyated with tobaeoo. or vegetablea is sometimes 
irrigated. with water from wells and tanks. 

Allahabad. — Irrigation is practised from jbeels bnt not Crom, streamy there not being any 
suitable for that purpose :— 

Acres. 

In the Doab, . 2,472 

In the Trans-Ganges, 5,000 

In the Trans-Jumna, • • • « « . , . . 1,746 

are irrigated in this manner. 

Fntteipore.'^Theie is no irrigation from streams in this district. The following state- 
ment will show roughly the extent to which irrigation is resorted to by means of jheel and 
tanks :-*-* 

Jheeh, 
Acres. 
Pnttehpore, 6,000 



Gazeepore, 
Ekdulla, • 
Khaga, • 
Kulianpore, 
Kora, • 



3,571 



Tank9, 
Acres. 

13,000 
4,514 

15,000 

59,531 



Ohazeq^ore, — Not received. 

Mirzapare. — Irrigation is partially practised in this district from well^ tanksj bunds^ and 
not from natural sources ^ and the area thus irrigated is approximately \nfi%7. aoDes^ 

Al^9WJ»Be TO GtUBSXIQN 2*, 

Jkamie. — Most of the irrigated land was assessed as sueh> at settlement ; new field!; watei^ 
from Oovemment tuiks pay water«>rot8s. 

Jaloun. — The landholders pay no rate to GKyvernment for the use of the water> having a 
prescriptive right to the use of it. 

Eumeerpoor. — T&e only irrigation in this pergunnah is from weHs^ and nothing is paid to 
Gkyvernment &)r it. 

Mondka. — Ditto/ ditto. 

Jellapore. — ^Ditto ; is from the Biver Betwa, besides that from wells^ and nothing is paid 
to Oovemment. 

Baat.^-^o irrigation is practised in this pergunnah. 

Ptmtpaftf^.-^The zemindars pay from 12 annas to Bl-8-0 per beegah for irrigation from 
the Bala Tal Muhoba. The water-rates in this pergunnah vary from 12 annas to fi2-l-6 
for irrigation from the several lakes by canals. 

Banda. — ^The zemindars have no prescriptive right to the use of water from streams. 

Allaiabad.'^The zemindars, having a prescriptive right to all 9uch water as is at present 
used for irrigation, do not pay any rate to Government. 

Fuiteipore. ^^lajidhoidevs pay no rent to Oovemment for the use of the w^ter, as they have 
a prescriptive right to it, 

Ohazeepore.'^ThB jheels, tanks, &c., are in their estates, and they hibve used the water 
alv^ays. 

Mirzapore. — ^The landholders do not pay anything for the water used for irrigating their 
lands, as the wells, &c., are constructed at the expense of villages. 

Answkrs tgk QusaviOK & 

/Aan^aV.-— Average depth 25 to 80 feet; maximum (north and north-east) 70 feet near 
river; Ti(^i» ?^yy^?i™ (south and south-west) 15, and ridges. 

Jaloun, — The average depth of water below the surface of the ground is for surface-water 
between 20, 30, and 50 feet ; the maximum depths 150 to 180 feet : vide the well in the public 
garden at Orai, the well at the Orai Jail, and one in Colonel Swiney's compound in Orai. At 
this depth an ample and inexhaustible supply of water is obtained. 
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Humeerpoor. — The average depth of water is 67 feet ; the maximum being 90 feet, and 
the minimum 45 feet. 

Mondha. — ^The average depth of water to the eastward is 100 feet^ to the westward 54 
feet, to the northward 85 feet, and to the southward 105 feet. 

Jellapore.-^The average depth of water to the north is 90 feet, to the south 60 feet, to 
the east 6 feet, and to the west 90 feet. 

Boat — The average depth of water in this pergunnah is 57 feet; the maximum being 90 
feet, and the minimum 24 feet. 

Punwaree. — The average depth of water in pergunnah Punwaree is 51 feet, and that in 
pergunnah Jeitpore 86 feet; the maximum of the former being 60 feet, and that of the latter 
pergunnah 16 feet, and the minimum 40 feet in Punwaree, and 10 feet in pergunnah 
Jeitpore. 

Mahoba. — The average depth is 16 feet ; the maximum being 20 feet, and the minimum 
12 feet. 

Banda.'^ThQ average depth of water below the surface is 77 feet. The maximum depth 
is 157 feet, in mouzah Bhawneepore, pergunnah Baiida; and the minimum about 12 feet, in 
Busaharee, pergunnah Banda. 

Allahabad. — The average depth of water below tlie surface of the ground is — 

In the Doab . * • . 60 feet. 

„ Trans-Ganges 51 „ 

„ Trans-Jumna • . . . • • • • 48 „ 

The maximum and minimum depths are — 

Maximum. Minimum, 

Feet. F«et. 

Doab 77 37 

Trans-Oanges 73 31 

Trans-Jumna 83 23 

It is at the greatest depth near the rivers and in hilly parts — such as a portion of Khyragurh 
and Barra, Trans- Jumna. The n'eamess of the water to the surface in a la^ portion of the 
two latter peigunnahs cannot be taken as a guide regarding facilities for making weUs, as 
owing to the soil being rocky, blasting is necessary before a well can be made, and of course 
the expense is much enhanced thereby. I should say that in the whole district it is at a 
minimum depth at Munjunpote in Mirzapore chowharee, which is the only place in this district 
where I have noticed the wells called ^Mhoklee,'^ viz., those in which water is raised by a 
ghurra'' at the end of a bamboo. 

FuUehpore, — Average depth of water in each pergunnah — 

Feet. 

Futtehpore . . . .48 

Ohazeepore ........... 62 

Ekdulla • . 60 

Khaga 23 

Kullianpore ........... 70 

Kora 90 

Maximum and minimum depths—- 

Maximum. Minimum, 
Feet. Feet 

Futtehpore 63 27 

Ohazeepore 120 24 

Ekdulla 90 30 , 

Khaga 20 10 

Kullianpore 150 35 

Kora 90 60 

Ghazeepore. — Not received. 

Mirzapore. — The average depth of water below the surface of the ground is 50 feet, and 
the maximum and minimum depths at different places are as follows : — 



it 



Subdivision. Maximum. Minimum. 

Feet Feet. 

Mirzapore 75 20 

Chxman 60 22 

Robertsgnnj .70 30 
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Answbrs to Question 4. 

/iiaftM>.— Eatcha wells^ comparatively little used in this district ; cost, B20 to B30. 

Jaloun. — The water in this district lies generally for kutcha wells at a depth of 30 to 50 
feety but it is only surf ace- water> and most of these wells run dry. during the hot season, or fall 
in during the rains, when others are dug. The cost of such wells is about B25 on an average. 
These wells are often used for irrigation. 

Humeerpoor.'^The soil in this pei^unnah does not admit of kutcha wells being sunk. 

Mondha. — Kutcha wells, though not much in use, can be sunk for BIO. 

Jeltapare^'^^ln this pergunnah kutcha wells are used for the irrigation of sugarcane fields, 
and can be sunk for B25 each. 

J2aa^.— Ditto ditto B 6. 

PuHwaree. — Ditto ditto B 1 5. 

Maioba.^Bitto ditto B 20. 

Banda. — No facilities exist for making kutcha wells. In pergunnah Banda there are six 
such wells constructed, at an average cost of B20; and some four or five in pei^unnah 
Budousa — cost of consti*uction varying from Rs. 16 to B35 each. 

Allahabad. — Kutcha wells can be, and are easily made everywhere, except close to the rivers 
and those parts of Barra and Khyraghur mentioned above; they cost on an average BIO, 
and last generally one year, but in some parts, viz.^ Trans-Ganges, two years. 

Futtehpote. — Every facility exists for making kutcha wells, and many exist throughout 
the district. The cost of making kutcha wells is from BIO to B15. 

OAazeepore.—Yes; a great many all over the district; B15. 

Mirsapore, — Kutcha wells are easily constructed, at an average cost of BIO each, and 
are generally used for irrigation pm-poses. 

Answers to Question 5. 

Jiansie. — ^Yes, in Mow and Oarotha, along the ridges of hills between Dussan and Betwa, 
No facilities in Mote pergunnah. 

c/afofw.— No facilities exist for making minor irrigation works from tanks, jheels, nullahs, 
and other sources. The district is a dead level, and much engineering science would be required 
to apply the drainage of the country to works of irrigation, though no doubt it is feasible. 
The pergunnahs of Madhogurh and Kumar, where the purwa soil prevails, would be the most 
benefited by well or tank-irrigation, should a canal not be available. 

Humeerpaof. — Facilities for making minor irrigation works from tanks, jheels, nullahs, 
&c, do not exist in this pergunnah, though such might be possible from the Rivers Jumna 
and Betwa. 

Mondha.^^tiS\ ditto; the Kane is the only stream from which this might be possible in 
the villages bordering thereon. 

Jellapore. — Ditto, ditto ; the River Betwa might admit of minor irrigation works in the 
mouzahs bordering on it. 

Boat. — No facilities for minor irrigation works exist in this pergunnah. 
Punwaree, — Canals from Bala Tal in Jeitpore do exist, and minor irrigation works might 
be extended from the Rivers Dussan, Birma, Keslarn, and Urjoon in pergunnah Punwaree, 
and the tank at Chuturwara, and nullah in Burkhers, if dammed up. 

ifa^oda— Canals for irrigation purposes do already exist from the Bijanuggur, Kuraree, 
Keerut Saugor, Mudun Saugor, and Jussrapore Lakes, and it is possible to make minor irriga- 
tion works from the tanks at Powa, Bilkher, Sijahree, and Oorwara. 

Banda. — I do not think that any facilities exist for making, on the part of Oovernment, 
minor irrigation works from tanks, jheels, nullahs, or other sources. 

AllaAabad.-^l have already, in my No. 740, dated 1 5th December last, alluded to the 
facilities which exist for enabling the stream known as the Susoor Khundyrie to be improved 
by masonry-weirs, so as to enable the surrounding country to be irrigated. This is a work 
which I think might be undertaken at once ; it would materially benefit the Doab, through 
the middle of which it runs, and I believe that it might be done at a comparatively small 
expenditure. I also mentioned that my predecessor was strongly in favour of a dam being 
made in the Tonse, by which the Barra and Arail pergunnahs might be irrigated by means of 
a canal, but cannot help doubting the feasibility of this, especially as the Tonse, not being a 
perennial stream, is likely to run dry just at the time that the water is most wanted for the 
canal. 

F 
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Futteipore.^^EYery facility easieUi for making minor irrigation works from nnllahs, jheek, 
&c., provided that money, is forthcoming. The water of the Rivers Rhind, Pundoo, and 
Noohd might be used with great advantage; also the water which escapes from the high roads 
into the nullahs^ and from thence into the Jamna and Oanges. The stream known as the 
Sosoor Ehundyrie might be banked^ and its water used to great advantage. The whole of 
the southern portion of the district lying along the Jumna would benefit by this arrange- 
ment. 

GAazeepore.^^Not received. 

Mirzapore. — ^There is no facility for making irrigation works^ omng to there being no 
jheels or tanks in this district^ except from the River Ganges^ from which a portion of the 
district might be beneBted.' 

Answers to QuBcrnoN 6. 

Jiansie.'^'No special arrangement consequent on tenure necessary; rate somewhat high^ 
owing to poverty of zemindars. 

JalauH. — In the event of any irrigation works being Carried out, I am not aware that any 
special arrangements would be required with reference to charging for the water supplied. 
The rates prescribed by the Sudder Board of Revenue's Notifications Nos. 4 and 17, dated the 
lOlh May^ and SOth August 1865, would appear to be judicious, though at first they might 
require to be somewhat lowered to suit a not very affluent set of farmers. 

Humeerpoor.-^lxi the event of irrigation worics being carried out, a rate of from 8 annas 
to B 1-8-0 would be a fair charge per beegah. 

Mondha. — A rate from 6 annas to 8 annas per beegah, ditto. 

Jetlapore.'^'DitU} 6 annas to 8 annas ditto. 

Boat.— jyitio 6 annas jbo B2, ditto. 

Paffte^are^.— The existing water rate is Bl-8**0 per boegah, and this may be continued. 

Jfaioda.— The existing rate of water varies from 12 annas to B2-1-6 per beegah, which 
may be allowed to stand. 

Banda.^'ln the event of irrigation works, i.^., canals, being carried out in this district 
I think a water-rate varying from 4 to 6 annas per beegah might be charged for the khurreef 
crops, and from 8 to 12 annas per beegah for the rubbee. 

Allakdbad.'^Hh&te is no peculiarity in the tenure of land which would render any special 
arrangement necessary; the rules in force in other districts regarding charge for use of water 
would equally apply to this. The chief crops would, from obtaining a regular supply of water 
rise in value about one rupee per beegah. 

luttekpore. — ^Arrangements should be made for charging for the use of this water at the 
time of settlement of each district. The fair money-valne of water would be— >khurreef 5 
annas per beegah, and for rubbee 8 annas. 

Okazeepore^-^lioi received. 

Mirzapore.'-^li irrigation works be carried out in the district, the duty to be levied 
should be fixed without reference to the description or quality of the soil* The fair value of 
water required for the chief crops would be B4 per beegah. 

Answbss to QusernoN 7. 

JA^i9i«t>.— Water for khurreef in June only wanted ; however, in seasons of drought, 
water for rubbee in November, but usually all the land is broken up in June and July. 

Jalaun. — ^The first waterings for the khurreef crops would be required in Jeth (June), 
and for the rubbee in Kooar (September). 

Eumeerpoor. — The rains in this pergunnah suffice for the khurreef crops, and for the 
rubbee water is required during the months of Aghun, Poos, and Maugh, corresponding with 
November, December and January. 

Mandha.^^Ditto, ditto. 

Jellapore.'^Tyitto, ditt.o. 

Raai, — For the khurreef crops water is required during July and August, and for the 
rubbee as above. 

Punwaree. — Ditto, ditto. 

Jfa^oJa.— Ditto, ditto. 
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Sanda.-^Th^ ^^ puleves '^ ai^ lequited for the khuneaf crops Fr6m IStii June to 15th 
August^ and lor rabbee 15th S^tember to 16th November. 

JUakabad.*^Ia a season of drought, the first waterings for bieaking up the knd for the>; 
khurreef crops would be required about July ; for the rubbee about the middle of Octdber. ' 

Futtehpof^ — For khurreef^ May and June, and for rubbee, August and September. 

Okazeepore. — There is a deficiency or irregularity in the&ll of rain ; the waterings for the 
khurreef take place in' June; those for the rubbee in September. 

Mirzapore. — ^Asarh for khurreefi and Kooar for rubbee cropS;^ are the months in which 
watering for breaking up and preparing land is required in case the rain is untimely or insuffi- 
cient for the above purpose. 

Akswbbb to QuBsnov 8 

Acres. 
Jhantie.'~-(X) Wheat calculated at settlement, .... 104,295 

(2) Gram 49,967 

(3) Jowar . 132,612 

(4)Bajfa . 24,409 

(6) Cotton. . .... . . . 21,164 

Jaloun. The most important crops of the district are wheat, cottoui gram, jowar, bajra, 

urhur. 

Area of Cultivation. 



Mar 

Eabur 

Purwa 



Akott. 



89,175 
120,464 
124,629 



ATwmge ntb per 
Acre. 



fi a. t>. 

3 10 5 

2 14 4 

2 7 9 



Humeerpore. — ^Wheat and gram about 50^000 bighas^ and in Somripore 110^000; and 
jowar and bajra, &c., about 23,000 bighas. 

Mondha. ^Wheat and gram About 46,423 acres, and jowar and bajra about 40,244 acres. 

/e^2a/?ortf.— Jowar, bajnt, wheat and gram, in all about 100,000 bighas. 

Saat. Sugarcane 2,350 bighas, paddy about 224 bighas, ooiton 4,332 bighas, wheat 

and barley about 67,374 bighas. 

Punwaree. — Jowar, bajra, paddy, wheat, and gram, ftc., about 186,000 bighas. 

Jffl*o6a.— Sugarcane, paddy, pawn, wheat, and gram about 174,000 bighas. 

JBanda, ^The more important crops, with their approximate areas in acres exclusive of 

the sub-division are- 
Acres. 

Jowar and bajra . . . . . . . . ♦ 146,882 

Cotton . . ... ... . • . . 74,000 

Gram and wheat . . . . .... . 326,600 

Allahabad.— The chief crops are wheat, barley, bajra» gram, rice, minor jowar; of which 

the approximate cultivated area is— 

Itkurrerf. 
Acree. 

InDoab - . 86,001 

Trans-Ganges 94^39$ 

Trans- Jumna . . 126,012 

A great deal of sugarcane (which though not an important crop as regards sustenance, is one 
as to the return, which it gives to the cultivator), is grown in the l^rans-Ganges; a much 
smaller quantity in the other parts of the district. 

Futteipore.—VnnciTpal khurreef crops— rice, cotton, bajia, jowar, moong, oord, mote, til. 
Principal rubbee crops— sugarcane, wheat, gram, peas, surson, urhur, musoor^ 

<MHvaie4 Area. 

Aoree. 

110,969 

87,080 

78^000 



Buhhee. 
Acres. 
172,03^ 
169,631 
252,024 



Fnttehpore 

Ghazec^xire 

Ekdulla 

Khaga 

Kullmnpore 

Kora 



74,942 
110,948 
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Giaaeepore. — Wheat, barley, pulses, sugarcane, rice, pool, bajra, poppy, indigo. 
Mirzapore.'^The important crops of the district and the approximate area of cultivation 
are stated as follows : — 

Grain. Area, 

Acres. 

Wheat 120,060 

Barley 46,636 

Paddy 180,389 

Gram 53,313 

Urhur 48,344 



Oord, or Mash 



31,121 



Answers to Qubstion 9. 



Irrigated, Unirrigated, 
Maundfl. Mannds. 



Jhansie — Wheat 8 5 

Gram 6 4 

Urhur • „ 4 

Bajra • . • . • \C * • >> 5 

Cotton, uncleaned . • . . . • >» 5 

Jaloun. — ^There being no irrigation in this district, the weight of the ordinary produce 
of the chief crops per acre, irrigated and unirrigated, cannot be given. '' 

HumeerpooT. — ^There is irrigation practised in this pergunnah. The produce of wheat in 
unirrigated soil is 6^ maunds per acre, and gram the same. 

Mondha, — Still the produce of bajra is 6 maunds per acre, jowar 7 maunds, wheat 6} 
maunds, and gram 7 maunds per acre* 

Jelldpore. — Irrigation is not practised here. The average produce of unirrigated fields is 
6 maunds per acre. 

Raat.-^liL irrigated and in unirrigated fields per acre— 

Mds. Sn. McU. Sn. 

20 
20 
15 
35 




Sugar-cane . . 10 goor 
Wheat ... 90 
Paddy . . . 3 
Cotton ... 30 


Wheat 
Barley 
Cotton 
Indigo 
Al . . . . 


• 1 


4 
5 


5 


Punwaree. — Gram 8 maunds, grain 4| maunds. 

Mahoha, — Oram, barley, &c., 7^ maunds ; gram, barley, 4^ maunds. 

Banda, — The weight of the produce per acre is — 

Jowar and bajra . . • . 
Cotton . • • . • 


Mds. 
6 
6 
8 


Sn. 
27 
20 


Gram and wheat 




14 



Allahabad. — The ordinary produce per acre is, in the khurreef, 8 maunds in irrigated, and 
6 maunds in unirrigated land ; and in the rubbee 14 maunds in irrigated, and 8 maunds in 
unirrigated land. 

^^^tfAj9<7rtf.— Average throughout the district— irrigated, 10^ maunds per bigha; unirri- 
gated, 7i maunds per bigha. 

&Aaftf^j9ortf.— Irrigated, 10 maunds per acre ; unirrigated, 6 maunds per acre. 

Jf ^^opor^.— -With timely rain and a good season, the weight of ordinary produce of 
irrigated land is about 16 maunds, and unirrigated about 6 maunds per acre. 

Answibs to Question 10. 

Jhansie, — Chief staples; wheat goes to Lullutpore, and cotton to Mirzapore, and all 
goes north and north-east. 

Jaloun, — The most important export of agricultural produce is in cotton and wheat 
They find their way by Calpee on the Jumna (a town of this district) to the North-West 
Provinces, and by boat to Mirzapore and Calcutta. 

Bumirpore. — Al and cotton are the principal exports; the former to Calpee and Hattrase, 
the latter to Mirzapore vid Banda or Calpee. 



Digitized by 



Google 



BBTWA CAKAL PROJECT IN THE NORTH-WESTEEN PROVINCES. 45 

Banda. — At present gram is largely exported *to Cawnpore, Mahoba, aod neij^hbouring 
Independent States^ and cotton to Mirzapore. 

Allahabad, — In the Doab^ the chief exports are indigo towards Calcutta, and wheat, &c,, 
towards Banda by Bajapore Oh&t, and to Oudh by Kurra. 

TranS' Ganges. — Goor is exported in large quantities to Banda via Rajapore Gh&t, and to 
Rewah via Allahabad. 

TranS'JumfM, — Cotton and linseed are exported (or Calcutta, and opium in small quanti- 
ties to Ghazeepore. A species of rice, called " lohunde,'' is exported from Barra into the 
Rewah territory. 

i^^^^^/^or^.-^-Futtehpore, Delhi, Agra, Meerut, and Jbansie. 
Ohazeepore. — Allahabad and Mirzapore. 
Ekdulla.—mi. 

Khaga, — Cawnpore and Allahabad. 

Kullianpore. — Delhi, Agra, Meerut, Jhansie, Mirzapore, and Calcutta. 
Zora.— Western Provinces. 

Ghazeepore. — Food-grains, to Cawnpore and Agra, for the supply of the famine-stricken 
districts in the south and west. 

Mirzapore, — Agricultural produce is often exported from this district to the following 
places :^Wheat and barley to Furruckabad and Futtehpore; gram and til to Calcutta and 
Moradabad ; moong and bujrie to Jubbulpore and Bewah ; mustard and linseed to Azimgurh 
and Benares ; poppy, gram, and rice to Surgooja ; paddy, castor-seed, and urhur to Calcutta 
and Dacca. 

Answbas to Question 11. 

Jhansie. — Mow Raneepore, Bhandere, Goorsurai, Burwa Sagur, city of Jhansie (Gwalior) . 
No canals could be made in this district fit for water-carriage. The best line would be due 
north-west of the Betwa. 

Jaloun. — ^The chief marts of agricultural produce in this district are Calpee, Koonch, and 
Jaloun ; and a canal to be useful must, starting from the Betwa in the Jhansie District, skirt 
the towns of Koonch, Jaloun, and Calpee, falling into the Jumna below Humeerpoor. It 
must have branch canals, also, towards Madhogurh and the old pergunnah of Kunnar. 

Humeerpoor. — The chief marts are Raat, Koolpuhar, Mahoba, and Supolar. No line of 
water-carriage for inland trade exists. 

Banda. — ^The chief marts for the agricultural produce are Banda, Narainee, Kallinger, 
Hurdowlee, and Gugowlee. The Jumna is the only river on which water-carriage is prac- 
ticable. 

Allahabad. — The chief marts of agricultural produce are : — 

In JDoab. — City Allahabad, Serai Akil, Daranuggur, Kurra, Munjhunpore, Kurowlee. 

JVa«*-(?a»ytf*.— Ismailgunj, Mow, Mirzapore, Gopalgunj, Phoolpore. 

Trans-Jumna. — Kurma, Bharutgunj, Sirsa. 

This district is so intersected by the railroad, and has two rivers, viz.^ Ganges and Jumna, 
so near to almost every part of it, that I do not think much if any inland carriage would go 
by means of a canal : only three of the marts mentioned above are not either on, or close to, 
either the railroad or one of the rivers. 

Futtehpore. — Futtehpore, Huswa, Hooseingunj, Narainee, Jumrawan, Uswar, Tarapore, 
and Cheetusapore. 

Ghazeepore. — Futtehpore Bowha, Sah, Bindkie, Kishoonpore, and Narainee. 
^W«/^a.*— Kishoonpore, Dampore, Kubira, and Powlee, 
Khaga. — Kasimpore, Cheala, Hutgoon, Khaga, and Itailee. 
Kullianpore* — Bindkee, Jafurgunj, Kora, Bindkee in Kullianpore. 
Ghazeepore. — Not received. 

Mirzapore. — The chief marts of the agricultural produce are Mirzapore, Chunar, Ghoru- 
wul, Kutchwa, Bindachul, Adulpoora, Shahgunj, Robertsgunj, Ahrown, &c., but there is no 
market of an extensive trade in this district towards which au irrigation line could be sug- 
gested to be opened. 
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Answers to Qubstion It. 

/itf 9i«f^.-- !^one to 0peak of. 

/a/o«^.— OoBur lands are often to be found in this district) partienlarly in the Konnar 
pergunnahy now forming part of the Jaloun porgannah, also in peigunnah Atta. These 
oosnr lands measure about 104,820 acres, 

Humeerpoor. — ^There is no reh in this district; the 27,637 acres are entered in the settle- 
ment records as oosur. 

Bandcu — Not including the Kirwee Sub-division, the area of the reh and oosur land in 
the district is — reh, 158 acres; oosur, 55,000 acres. 

Aliaiabad^'-The oosur land is — ^in Doab, 50,056 acres; Trans-Oanges, 59,937 acres; 
Trans-Jumna, 70,532 acres. Of the latter, the chief part is in the pergunnahs of Barra and 
Khyragurh. 





Beh. 


Ootur. 




Acres. 


ACTM. 


-Futtehpore «... 
Ohazeepore • . . . 
Ekdnlla 


• • ••• 

. . 21 

• • ••• 


10,000 
1^6 


Khaga 

S^ullianpore • • • • 
Eora . • . • • 


. 8,208 


17,5*46 
60,219 
70,000 



OAazeepore.'^'Sot received. 

Mirzapore, — Area of oosur land in the district is approximately as follows >— Mirzapore 
Tehseel, 2,5U0 acres ; Chunar Tehseel, 8,000 acres. And net land in Mirzapore Tehseel, 700 
acres; Chunar Tehseel, 415 acres. 

Answbrs to Question 13. 

Jhansie. — No register kept. 

Jaloun. — A register is kept of the rise and fall of the Jumna, but of no other rivers* 

Humeerpoor. — No re^ster of the height of water in stream is kept up in this district* 

JBania.— No register showing the daily height of water in any of the rivers or streams 
in the district is kept up in this office. 

Allahabad. — No such register as is here described is here kept up. 

FuUehpore. — No. 

Okazeepore.'^No. 

Mirzapore. — A register of daily rise and fall of water of the River Gang^ is kept by the 
Police Department. 

Answers to Qubstion 14. 

Jiamie. — No such protection required. 

Jaloun. — This question does in no way apply to this district. 

Humeerpoor. — No protection by drainage or embankments is needed in this pergunnah. 
The Rivers Jumna and Betwa when they rise bring down silt on their banks, 

Mandha. — ^No protection as above mentioned is needed, nor are there any streams which 
bring down silt. 

Jellapore — No protection is needed ; the Rivers Betwa and Birma bring down silt on their 
banks. 

JBanda. — Protection by drainage embankment or other works is not needed. 

Allahabad. — ^I am not aware of any portion of the district bordering on either the Ganges 
or Jumna where protection by way of embankment is needed. I have already, in paragraph 5, 
and in my No. 740, dated 15th ultimo, alluded to a system of weirs or dams for the Susoor 
Khundeyree. 

PuUAehpore.'^'EmhBxilanentB and other works are needed for the rivers mentioned in ques- 
tion No. 5, in order to utilize the immense quantity of water which at present wastes itself in 
the River Jumna and Ganges. 

Ohazeepore. — ^Not received. 

Mirzapore. — ^No protection is required for any part of the district 
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Extract paras. 88 to 86, from a Seport on tie Average Rent Rates for Asseeeing Pergunna 
Kooneh of tie Jaloun Sieiriet, dated 8Btk September, 1869, by Ms. P. J. Whitb, Settle-^ 
ment Officer^ 

''82. Before ooncluding, some remarks may be^ I thinks appropriately ventured on 
the subject of irrigatioii in connection with Kooneh. I am aware in a general way that 
ihe whole question is under the consideiation of Oovemmehtj and I also believe that a 
8u)rvey has been made and levels taken, but I have no exact official information on the point, 
and do not know how the several parts of this district are likely to be affected by whatever 
scheide may be in contemplation. If the extraordinary variableness of the monsoons was 
neutralused by irrigation, the immediate effect of our present figures would be a revenue of 
about filfSS^QOO, or the recovery of an annual loss for the next thirty years of B27,000. 
Not only that, but with the higher rents it would create, an absolutely higher revenue would 
be secured. However, these benefits are yet shadows in the future; but in the present temper 
of the times their realization is not so fanciful as it would have seemed a generation or two 
ago. Irrigation in Bundlekbund has been always thought a hopeless undertaking, and if 
you ask the people, they will with one accord tell you that the peculiar texture of the soil 
malces general irrigation impossible; yet their empirical knowledge in the matter ought 
to induce them to modify this belief. Though in small quantities, no doubt, nevertheless 
they do artificially irrigate for garden-produce both mar and kabur, which are the reputed 
impracticable soils. In all 1,0S1 beegahs are irrigated from wells in Kooneh, of which 107 
be^;ahs are mar, 492 kabur, 421 purwa, and 11 rakur. So, also, in reporting the Jaloun 
settlement) I showed that of the 11,4S8 acres there irrigated, 484 acres were mar, 3,1S8 
kabur, 7,762 purwa, and 64 rakur. The alleged obstacle offered to irrigation by mar and 
kabur consists in their cracking into g^eat fissures when dry, which is therefore the natural 
feature they present for six or seven months in the year; but the successful experiments 
represented in the above detail have overcome this difficulty, and so its insuperable character 
disappears. The truth is, that the labour required is comparatively considerable, the means 
are insufficient, and agriculture must come a Uttle out of its present groove before the full value 
of irrigation can be felt. The crops now grown on the different soils are these :— 



Soils. 



Mar 
Kabur 
Purwa 
Bakur 

Total 



Bvaan (Aou8)» 



i 



998 



1,687 



9 

■ 



34,785 

29,092 

2,882 

840 



67,649 



100 
1,626 
2,786 

676 



6,036 



104 
89 
21 



79 
276 
169 



214 613 



116 
. 1 
31 

8 



166 



46 
160 
167 

47 



I 



Khubeui (Aobu). 



36,813 

324246 

6,003 

1,491 



400 76,662 



1.666 

2.401 

1,261 

215 



673 

1,806 

1,881 

109 



6,632 



11 



17358 

678 

211 



973 



36 



6? 11 
3*69 
10|.. 



931067032 



I 



2,287 

4.616 

3,321 

561 



10,675 



I 



38.100 

36,761 

9,324 

2,042 



86.227 



^^With the produce just now quite at the mercy of the seasons, this distribution of 
crops is perhaps the best that could be devised; but under a system of irrigation some 
obvious changes suggest themselves. Mar is intrinsically humid for the crop now devoted 
to it, viz,, wheat, mixed commonly with gram. All that is wanted is a &ir average rain- 
fall) indeed, it is the one essential condition to a maximum outturn from this soil, and 
any 'excess of moisture injures its produce. Under- present circumstances, then, no soil can 
be naturally so independent of irrigation as mar, and what is more, it seems at first sight 
that irrigation would be positively hurtful to it; but alter the staple from wheat to rice, 
and the prospect clears. Bice, as a wet crop, would have an affinity for the humidity of 
mar, and would flourish on all the further irrigation that could be given it. Bice would 
be a far more valuable crop than wheat, and physically there would appear to be no- 
thing in the soil noxious to its growth. As an instance in proof, I may refer to the 
examples of returns in rice cultivation cited by Colonel Oreenaway, M.S.C., in his book 
on ''Farming in India.'' At page 88, he alludes to red rice grown under irrigation on tke 
ordinaiy black earth in the Nellore District, called "black cotton-soiV and states that 
the yield of this rice, fully irrigated, averaged 1,800B; and pretty well, but not perfectly 
irrigated, l,600ffi of paddy per acre. This black cotton-soil, which is known by the 
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same misnomer throughout Malwa, the Nerbudda Territories^ Gwalior, and Bundlekhund 
generally, is no other than our mar land. Now, against the above outturn, contrast that 
which has been stated for wheat in para. 54, m£,i 5281b per acre, and then judge if 
it is an overstrained .expectation that with irrigation at command the people might be 
not very tardily brought to see the advantage of making rice the staple of mar, instead 
of wheat. I have already remarked of kabur that a heavy rainy season benefits it extra^ 
ordinarily; so, by a parity of reasoning, irrigation would be of immense use to it, .pro- 
bably doubling its present yield of the wheat crop. The culture of sugarcane, evidently 
once an active industry in the pergunnah, but now wholly extinguished, might be revived. 
There are no less than 167 solid stone (? hornblende) mills for pressing canes to be counted 
now in the pergunnah; but, according to tradition, it is more than a century ago when 
this crop was a good deal cultivated here, and that, too, without irrigation. The inherent 
moistness of the mar soil was, it is said, eked out by protecting the young plants from 
the sun^s rays with a covering of the broad cool leaves of the diak tree which was plentiful 
in those days; and I am told that even at the present time this expedient is employed 
in the Raat pergunnah of Humeerpoor. 

" 83. I shall briefly trace out my ideas of the facilities Koonch possesses for irrigation ; and 
first, one necessary word on its physical geography. Though divided by a distance of some 
thirty-five or forty miles, Koonch is a part of the great basin of the Jumna. If to the 
unaided eye it is a perfectly level tract of country, yet the run of the rain-water proves it to 
have a sufficiently decided slope from south to north. Its boundaries are all artificial ; the 
lands of different pergunnahs of the district merge into its own all around ; but the Pahooj 
River is about eight miles from its western boundary, while the Betwa, flowing northwards 
through the Jhansie District, comes to within some three miles of its southernmost point, 
Mouzah Jugwee, and then abruptly turns off eastwards at right angles to its former course. 
It is just this bend, or rather a little below it at Mouzah Kureela in Sumpther, which seems 
the most effective site for a v/eir, from which an irrigation channel might enter the pergunnah 
at Jugwee, and, passing on to Jumrohee, Busobe, &c., shape its further course along the 
higher lands of Koonch, as its general scope in reference to the other pergunnahs might 
regulate. 

'' 84. The Koonch possesses, to my thinking, another especial facility. It has an annual 
rain-flood called the pouA. My remarks on it will be easily understood by referring to the 
accompanying Map No. 3,^ on which I show the points at which the pouA enters the per- 
gunnah, its proper regular waterspread, and the points at which its feeding-channels pass 
out of Koonch. The pouk enters principally from the Sumpther Territory by three channels 
at Mouzah Kishuupore and Soonao, on the south-west of the pergunnah, and secondarily at 
Khukul from Dutteea on the west. The eastern of the former three channels causes little or 
no flooding; its chief office is that of draining off the incoming waters. The middle and 
the western streams are those which largely inundate, ' but inundation does not begin until 
they have traversed half the length of the pergunnah ; for all that, these streams are of no 
serious depth. This inundation is, after the best enquiries, exhibited on the map* by an 
encircling band of mixed green and blue colours. It spreads, with any permament effects, 
through thirty villages in all ; in eighteen it passes over the whole area, and only partly over 
the other twelve. The total area it covers approximates 29,4:00 acres. It occurs twice or 
three times during the height of the rains, continuin.i^ variously from three days to a week 
each time. It injures the mar soil, often rendering any khurreef in it impossible ; and some- 
times, if it happen to be brought down by high freshes late in the season, blighting the wheat 
from excessive dampness imparted to the land. It generally benefits the kabur and purwa 
lands. UnfortunateJy, it comes usually at a time when the lands are receiving their own 
needful share of rain. Supposing, then, irrigation to be in view, the idea which at once 
strikes one is to intercept all this waste at its sources by constructing large tanks of the concave 
or horse-shoe form to store ap the waters of the pouh streams. Three such reservoirs suggest 
themselves to me, namely, two at the three south-western channels coming from Sumpther, 
and the third at the brook which enters from Duttea. Of course, the reservoirs must be placed 
at the highest levels consistent with the requisite of ensuring a full supply of water ; but 
with the scientifiq details bearing on the execution of the measure I do not pretend to deal. 
If the suggestion should seem such as to carry any recommendation with it^ its further elabo- 
ration will properly rest with professional hands. 

"85. A third — and if the humblest, also the readiest, available — means for extending irriga- 
tion in the pergunnah is to encourage the construction of wells by grants of tuccavee under 

* Not printed. 
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simple contracts to repay by fixed instalmentB^ realizable in default by the processes for collect- 
ing arrears of land revenue, without requiring otAer collateral security, as is now done in this 
district. Such a demand generally does that from which it is one of the objects of tuccavee 
to save the landholder, it throws him into the hands of the money-lender ; at any rate he has 
always to pay in some way or other for getting another to stand his surety. In connection 
with this point, I submit Map No. 4,* which charts out the water-bearing strata, according 
to actual measurement of the depth of all wells, from village to village. 

^'The different depths have been classified as below; and in the first two classes at least, 
which embrace half the pergunnah, the sinking of wells should be a comparatively simple 
iHatter. I strongly believe that the experiment would succeed if encouraged on our part with 
some zeal, and if tuccavee were granted free from hampering conditions/' 



Clafli. 



I. 

II. 

III. 

IV. 

V. 
VI. 



Depth of water-bearing strata. 



Under 20 feet 

From 20 to 35 feet 

„ 36 to 60 „ . . • .• 

„ 61 to 60 „ 

Above 60 feet . . . • • • 
Villages without wells . . - . 

Total 




Coloar in 
Map. 

Bed. 

Light blue. 
Orange. 
Green. 
Dark blue. 
YeUow. 



APPENDIX G. 

Opinion 0/ Local Officers in reply to No, 11591-^0, dated 7th September, from Joint Secretary 
to Oovemment, North-Western Provinces, Irrigation Branch, 

From LiBirrEHANTvCoLOHEL B. P. Lloyd, CommisBioner of the Jhansie Division, to LimTTBirAWT A. H. 
BAoaB, B.E., Executive Engineer, Bandelkhund Irrigation Works, Jhanaie, No. 798, dated Jhansie, 
22nd September 1869. 

In ekplt to your docket No. 198, dated 18th instant, forwarding copy of No. 11591— C, 
dated 7th idem, from Secretary, Government, North-Western Provinces, Public Works Depart- 
ment, Irrigation Branch, requiring "opinions of Local OflBcers on the probable return to be 
derived by the State if the canals are made perennial, or nearly so, by the construction of reser- 
voirs, *' I beg to state that I am at a loss to see how such an opinion can be given without 
full information as to course of the proposed canals, and the area it is intended they should be 
capable of irrigating. 

2. It appears to me that you have the means of forming a much truer estimate of probable 
leturns than any Civil Officer can do. You know the amount of water it is proposed to supply, 
and the rates it is intended to charge. You have also, I believe, full information as to the 
nature of the soils along the course of the canals. The only doubtful point, then, would seem 
to be how far the zemindars may. be willing to avail themselves of the water. It may, I think, 
be assumed that for the khurreef crops ^ except in dry seasons, very little canal-water would be 
used - for the rubbee crops, I have no doubt that, with low katbs at first, it will be eagerly 
sought after for all soils except the mar, and in time, possibly, for this last also. 

8. If detailed information on the point is necessary, the best way to obtain it will be for 

an intelligent officer to march along the course of the canals, and endeavour to ascertain the 

. feeliiig of the zemindars, after carefully and clearly explaining l^e proposed system of issuing 

the water-supply to them. I shall be glad of further information from you if it is wished 

that this enquiry be made by District Officers. 

4. I need not say it is my wish to afford every assistance in obtaining the information 
required by Government. 

Prom B. B. Tkobhhill, Bsq., Officiating Collector of Hameerpoor, to Libvtbvant A. H. Bagob, B.B., 
Execntive Engineer, Bnndelkhnnd Irrigation Surrey, No. 469, dated Hameerpoor, the 19th October 1869. 
In ebplt to your docket 193, dated 18th September 1869, asking for my opinion regard- 
ing the probable outturn to be derived by the State if the Dussan Canal were made perennial 
or nearly so, I have the honour to state that I am of opinion that a canal for irrigation pur^- 
poses only 4V0uld not pay expenses, in consequence of the quantity of mar soil through which 

• Not printed. 
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tiie line of the canal would pass. Water would only be taken in purwa soil, nnless the rates 
were very low indeed. An immense deal of water runs to waste, no doubt, and is emptied 
into the Junma, and a great deal sinks into the sandy beds of the rivers. If the Dussan 
Betwa, and Tank Canals could be formed into a system of navigable canals, however small, 
if irrigation could be carried on firom them as well, I beheve it would be a great boon to 
Bundelkhund, and would open up its resources ; but of course I can offer no opinion aa to the 
feasibility of such a scheme. As I have only been a short time in the district, I have not had 
time to make myself very well acquainted with it. I annex a note by Mr. Adams, the 
Officiating Deputy £!ollector^ who has been in the district for the last two years and a half. 
The Raat Pergunnah benefits greatly by irrigation, and so would parts of the Jellalpore 
Fergunnah. 

MEMOBANDUM-Bt Mb. Adams. 

I THINK that the return which will be derived by the State bom the proposed Dussan 
Canal will be very small. If the water-supply be not constant throughout the year, the 
best-paying crop^ sugarcane, will not be grown, while this crop alone would hardly give a 
fair return for the extra cost requited to ensure the supply of water needed. I believe that a 
large portion of the irrigable area consists of black soil, no kind, of which is irrigated save in 
exceptional seasons. The chief khurreef crops are cotton and joar, and I imagine that it 
would require a very long time to induce the cultivators here to take water for them. Barley, 
and to a less degree wheat (less because it is much grown on the unirrigable black soil)^ would 
be the only crops of importance irrigated ; and these alone would not, I suppose, pay expenses. 

I think, however^ that the artificial lakes and tanks in the district might, undelr careful 
professional supervision^ be made profitable at a small cost. Water could be given from them 
to a large proportion (with reference to the cost) of the irrigable purwa and raknr soils, and 
nothing should prevent a constant supply throughout the year for the sugarcane. 



From B. D. Sfbddikg, Esq., Offidaiing Collector of Banda, to LisuTBKAirr A H. Bioox, B.E., Executive 
Engineer, Bondelkhnnd Irrigation Works, Jhansiei— No. 1606, dated 22nd Septemlwr 1869, 

In ehply to his No. 198, dated the 18th instant, forwards copy of a report No. 810, 
dated the 22nd February last, from the Collector of Banda, which contains the only opinion 
which can be given in the absence of any information as to the line of country through which 
it is proposed to make canals. 



From the Officiating Collector of Banda, to the Junior Secretary to Ooyemment, North-Westem Proyinoes 
Irrigation Branch, P. W. D., AUahahad,— No. 310, dated Banda Collector's Office, the 22nd Febroary 1869. 

In beply to your No. 82, without date, I have the honour to state that at present iheie is 
no land in this district. Levels have been taken for a canal from the River Kane, and I have 
no knowledge as to whether the scheme has been found to be practicable or not^ and until 
I am aware of the probable line of the country to be traversed by the canal^ I am unable to 
venture an opinion as to the expediency of constructing khurreef, or enkrging public t^niJa 
for the purpose of carrying on an enhanced supply. 

Rice cultivation on the kabur soil in pergunnahs Budousa, Ongasee and Leonda^ would 
greatly expand on an abundant khurreef supply, and the water would be in great demand in 
a season like the last for the cotton and joar crops on the above-mentioned soils. But in the 
land— mar soil— in pergunnahs Banda, Pylanee, and Ongasee, though the embankments or 
channels might be kept moist by a constant flow, yet if the rains were so scanty as to render 
it advisable to have recourse to artificial irrigation, the lands adjoining the channels would 
I am of opinion, be so full of fissures as to be unfit for irrigation. 



From the Superintending Engineer, 2nd Circle, Irrigation Works, N.-W. Provinces, to the Chief Entrineer, 
Irrigation Works, North- Western Provinces,— No. 782, dated Delhi, the 25th March 1870. 

I HAVB the honour to forward the under-noted plans and papers relating to the Betwa 
Project, received under cover of Executive Engineer's No. 289, dated 27th November 
1869 :— 

(1) Executive Engineer's No. 289, dated 27th November. 

(2) Report on the Betwa Project. 
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(3) Appends il.— Fall and look calcnlatioiis. 

(4) Appendiai B. — ^Esthnaies. 

(5) Appendix 0. — Estimate masoxuy-works. 

(6) Appendix D. — Designs masonry-works. 

(7) Appendix JB^.— Designs for rajbnha bridges. 

(8) Appendix JP.— Answers from District Officers to certain questions relating to irriga- 

tion in Bnndelkhnnd. 

(9) Appendix 0. — Opinions of Local Officers on the subjects noted in No. 1159| dated 

7th September, from Joint Secretary, Nortb-Westem Piovinces. 

(10) Appendix ^.—Longitudinal sections of canals and rajbubas. 
2. As Captain A. H. Bagge^ R.E.^ the Ezecutiye Engineer who had prepared the project, 
was about to leave India on f urlough, I proposed that he should meet you at Allahabad, 
en route to Bombay, and discuss his plans with you. 

S. The result of this meeting is contained in the following papers, received under cover 
of your No. 88 L, dated 7th January 1870, which are now returned :«- 

/. — Appendix No. 1. — Modification and reduction in Captain Bagge's design. 

//. — Appendix No. J?.— Estimate of extra cost involved in providing for navigable 
connection with the Jumna. 

4. In returning Captain Baggers plans and papers, I was called upon to '^ analyse and 
consider the project carefully ; to report whether in my opinion the scheme is practicable ; and 
whether I am of opinion that advantage will be derived from carrying it out as proposed, or 
from any modifications of it/' 

5. Captain Bagge divides his report into ten parts ^— 



Part I, 

6. Captain Bagge describes carefully the nature of the country and soil, and gives some 
interesting data. 

Pabt II. 

7. Captain Bi^ge shows that the irrigable area on tbe high land between the three 
rivers-^Betwa, Pahooj, and Jumna^is 1,492 square miles, or 954,880 acres. He also states 
that in Zillah Jaloun, which contains four-fifths ot the entire area, 854 acres in every square 
mile are cultivated. He considers that one-third of the cultivated area will only be irrigated, 
that is, one-sixth in each fusl. Hence 354-f-6s59 acres per square mile is the area to be 
provided for. 

8. For the khurreef he allows 0*84 cubic feet per second per square mile, and for the 
mbbee 0*296 cubic feet. 

9. With this data the supply needed will be for an area of 1,492 square nules— 

Khurreef . 1,492 x 0*84 == 1,253 cubic feet per second. 

Rubbee . 1,492 x 0-2-95= 440 „ „ 

10. For navigation purposes a supply of 150 cubic feet per second is allowed. 

11. The monsoon-supply is distributed proportionally throughout all the canals. 

pam in. 

12. Captain Bagge gives six different methods by which he calculates the flood-dis- 
charges. 

18. The results of these calculations are :— 

Cable feet 

(1) Mean of four discharges calculated from four sections taken below 

Burwa Sagur Gh&t 1,013-376 

(2) Discharge calculated from the mean |of the areas, &c., &c., of the 

four sections of No. 1 1,008-600 

(3) Discharge calculated from three sections of No. 1, Burwa Sagur 

Section being thrown out (co-efficient 90) ... . 293*034 

(4) Same as No. 3, co-efficient being 92*5 .... . . 301-200 

(5) Discharge calculated from a measured discharge taken on the 10th 

., September 388*290 

(6) Dischai^ calculated by applying the results of the measured dis- 

charge of 10th September, to the means of area, &o., of the 

four sections of No. 1 421*400 

ol 
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14. Discarding the results of Nos. 1^ 2^ 3^ and 4j and working with the result of No. 6, 
which he takes in round numbers as 500*000^ and to which he adds 50,000 cubic feet as the 
amount that may drain into the Betwa between Pareecha and Ghusg^wan^ be prepares his 
designs and calculations for a flood-discharge at 560000 cubic feet. 

15. Lieutenant Home's calculations gave 715*000 as the flood-discharge. 

Pabt IV. 

16. (yftptain Baggers table of discharge of the Betwa shows the perennial supply that 
may be expected. 

17. On the Slst December^ 1869| Lieutenant Home found by measurements that the 
Betwa was discharging 1,028 cubic feet. On the 4th Decemberi 1869, Captain Bagge's ob- 
servations give the discharge as 816 cubic feet. 

Paet V. 

18. Captain Bagge, discarding Lieutenant Home's site of the weir, chooses Ghusgowan, 
as thus the storage capacity of the reservoirs is gpreatly increased. 

Paet VI. 

19. Captain Bagge^ calculating with a flood-discharge of 560*000 cubic feet, fixes the 
level of crest of weir at Ghusgowan at 600*00, and finds the afflux to be 14*0 feet. Tne re- 
duced level of the flood of June, 1866, was 605.00. The highest flood-level due to the weir, 
would, therefore, be 61900 — about the level of country. 

20. The canal-head is fixed at reduced level 591*0, and the depth of water in canal at 9 
feet. 

21. In his calculation for afflux. Captain Bagge omits the quantity V. a. (velocity of 
approach). He considers it dangerous to arrange for keeping up the supply by temporary 
means, such as boards or shutters. 

PaKTS VII AND VIII. 

22. Captain Bagge states that, owing to the peculiar shape of the rocky barriers on which 
the work will be built, the weir must be designed with the smallest possible base. 

23. Working with a flood-discharge of 550*000 cubic feet, present reduced level of floods 
605*00, reduced level of crest 600*00, afflux 14 feet, reduced level of river-bed 550*0, Captain- 
Bagge designs his weir with the following dimensions :-^ 

Width of crest 20^ 

„ base 70' 

Height, niiaximum ..•••... 50' 

Up-stream f^e • • • • . . • • .vertical. 

Len^hofweir 2,289' 

In these calculations the weight of masonry has been taken at twice the weight of water. 

84. The probability of the bed of the Betwa being raised in front of the weir is noticed 
by Captain Bagge, who, however, considers this would not interfere with the working of the 
canal, as high floods would remove any deposits left by small freshes. To allow of the re- 
moval of any silt deposits in the canal, he states that an escape in the Seipoora Aqueduct may 
be provided. 

Pabt IX. 
26. To supplement the supply of the Betwa, Captain Bagge proposes two i^servoirs, both 
formed in the bed of the Betwa. One reservoir extends from the Lower Khoord Section to 
Burwa Sagur Gh&t, a length of twelve miles. The second reservoir he proposes somewhere 
above Ooroha, which town is six miles above Burwa Sag^ Ghftt. 

26. The first reservoir has only been worked out by Captain Bagge. It is formed by a 
dam 5,500' in length and 50' in height, built at the Lower Khoord Section. 

27. The section of the dam is similar to that of the Ohusgowan web. The dimensions 
are- 
Width of crest 12*5 

Height 50 

Base 62*5 

28. Calculating with a flood-discharge of 550*000 cubic feet, reduced level of crest 
685*00, present reduced level of highest flood above site 64100 and below site 636*00, Captain 
Bagge gives the afflux at 6*00, or 2 feet above level of country. Small embankments will^ 
therefore, be needed. 
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29. The capacity of the Khoord Beserveir is 4,013,930,900 cubic feet. The amount 
allowed for evaporation between October and February is 8l. 7,792,400 cubic feet; or, as the 
surface exposed is 101, 847,600 square feet,-?5M^ =^8-03 feet vertical measure, 

SO. The amount available for irrigation during the months from October to February is — 

4^018,980,000-807,792,400 oqo « u- « i. J 

i5axeoxeox24 — ~ *8^'* ^^^^ *®®* P®"^ second. 
Paet X. 

31. Captain Bagge carries the water in one channel to a point near the town of Koonch. 
He then divides the supply into three streams, one called the Khokund Branchy taken along 
the high bank of the Fahooj ; the second, the Calpee Branch, which is navigable, taken along 
the high bank of the Betwa; and the thi^, the Jaloun Branch, taken in the middle of the 
Delta. 

82. In the first portion of the Calpee Branch considerable drainage is crossed. Ci^tain 
Bagge explains that this alignment was chosen in preference to another in which little or no 
drainage was met, but which ran through a country with a considerable slope, because he con- 
sidered the cost of the drainage works in one line would be less than that of the necessary 
falls and locks on the other. 

3S. In the letter accompanying the report. Captain Bagge {vide para^ S), estimates the 
return at 5*8S per cent, thus : — 

(1) Capital, 90 lakhs. 

(2) Cultivated area, 528,000 acres. 

(3) Yearly irrigated .area, one-third of cultivated, or ^2?- 176,000. 

(4) Bate per acre, Be. 3. 

(5) Gross income, Bs. 528,000. 

(6) Eetum !^^=5-86 per cent, 

34. Captain Bagge states, also, that if certain khurreef canals were taken out from the 
Oorcha Dam, the return would be greatly increased. 

35. Having summarized Captain Bagge's report, it will be as well, before giving an 
opinion, to state briefly the nature of the work. 

86. The works consist of — 

(a) A masonry-weir at the village of Ohusgowan (with crest, 50 B 

feet above lowest point of river-bed), 2,680 feet in length, with 
subsidiary works : estimated cost 9,96,287 

(Jb) A reservoir-dam across the Betwa near the village of Khoord 
(with crest 50 feet above lowest point of river-bed), and subsi- 
diary works ; length of dam, 5,500 feet : estunated cost . 24,47,904 

(c) A reservoir-dam at Oorcha^ details not worked out : estimated 

roughly to cost 19,37,404 

(d) Ixrigation channels:—- 

(1) Main canal, length 36} miles, cost 11,24,405 

(2). Calpee Branch „ 61 „„.... « 6,04,000 

(3) Kolund „ „ 39 „ „ 95,100 

(4) Jaloun „ „ 31 „ „ 56,000 

Total, 167} miles, cost 18,79,505 

(5) Main distribution channels, length 287 miles, cost • • 3,16,834 

(6) Minor distributiva channels, length 196 miles, cost . • 2,42,279 

(7) Canal escapes, length 13j miles, cost • . . . 35,133 

(8) Chowkees 41,500 

(9) Land 1,33,704 

Total cost of irrigation channels and subsidiaEy works . 26,48,955 

87. I will divide my review of Captain Bagge's project into seven sub-heads :— - 

(1) Discharge of Betwa. 

(2) Site of weir. 

(3) Section and cost of weir. 

(4) Site and number of reservoirs. 

(5) Section and cost of reservoir-dams. 

(6) Alignment of the canals, their cost, and provision for navigation. 

(7) Estimated income. 
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88. Betwa Discharge. — Captain Baggers calculations of 550,000 cubic feet as the maxi- 
mum flood-dischai^e are, I am of opinion, erroneous. His calcolations are based on fall in 
bed, while fall in sur&ce is entirely lost sight of. Now, no doubt in a river like the Jumna 
at Delhi, or Ganges at Ghurmooktesur, the &11 in bed might be taken as a quantity in the 
equation for determining the flood-discharge. In a river like the Betwa, where the bed con- 
sists of rapids or falls, with deep pools between, the surface-fall should be the quantity adopted 
and not the fall in bed. In Appendix Z, I have given the calculations of flood-discharge as 
deduced from Captain Baggers data. The result is 741,000 cubic feet, agreeing fairly with 
Lieutenant Home's discharge. 

89. In Appendix Y are given :— 

{a) The monthly discharge of the Betwa from January 1868 to February 1870. 
(b) The quantity, drawn monthly from the Ehoord Reservoir. 

4f0. Weir Site. — I consider that the site selected by Captain Bagge for his weir is the 
best that could be chosen. A site higher op the river would make the construction of 
reservoirs next to impossible, while no site lower down would afEord rock for foundation, nor 
would the canals taken therefrom get command of the country rapidly. 

41. Weir Section.-^l am of opinion that the section adopted by Captain Bagge for his 
weir is far stronger than is needed. In Appendix X, I have given the section of a weir 50 
feet in height, calculated to bear a pressure of 70 feet, prepared from the profile of a masonry- 
dam 165 feet high, built in 1 866^ at Furens in France. Two papers on large masonry-dams^- 
one by M. Graeff, and the other by M. Delocre— were published in the Engineer of 1869. M. 
Graeff enters into the method of constructing the dam at Furens, while M. Delocre writes on 
the economical form of proGle, under circumstances similar to that which we have to deal with 
on the Betwa, excepting that floods will pass over the Betwa works, while the work at Furens 
was purely a dam. 

42. I consider that the crest, and rear-face to a depth of 20 feet below crest, should only 
be faced with ashlar, and that this facing should be two feet thick. 

43^1 am of opinion that the crest of the weir might be 2*00 lower than that fixed by 
Captain Bagge, and that this 2*00 could be maintained by planks. I do not anticipate any 
danger in this plan, and consider Captain Bagge's fears groundless. 

44. The cost of .my weir is 5| lakhs less than Captain Baggers. The reason that a pres- 
sure of 70 feet is calculated for, is that in heavy floods the surface of water will stand 20 feet 
above crest of weir, which is 50 feet high. 

45. Bam Site.^^l consider that the site of the Khoord dam is well chosen, as far as relates 
to the storage capacity of the reservoirs, but would have preferred a site which would have 
given a less length of dam than 6,500 feet, which is nearly double the length of the Ghusgo- 
wan weir. 

46. Dam Section. — In Appendix W, I have given a section, of the Ehoord dam, modified 
according to the profile of M. Delocre, and calculated to bear a pressure of 70 feet. In my 
estimate for this work I have given the same width of ashlar facing as for the Ghusgowan 
weir. 

47. The cost of this dam is less than Captain Baggers by 11^ lakhs. 

48. Oorcha Seservoir. — I consider that it would not be advisable to construct a reservoir 
between Burwa Sagur Ghftt and Jirror Gh&t, the former being the upper limit of the Khoord 
Reservoir, and the latter the point at which the Betwa enters British territories. 

49. From the surveys made by Mr. Richardson, it appears that the most favourable site 
of the reservoir near Oorcha is nine miles above it. 

The capacity of this reservoir is— 

6,280' X 7'5'' X 1,000' x 26'= 990,000,000 cubic feet ; 

equal to 3e|^^^ir=31'4 cubic feet per second perennial supply, 

or for five months, October to February, ^^'^^^^^ =75*9 cubic feet. 

50. The cost of the reservoir-dam would be—with a length of 1,000 feet, and a mean 
section of 412 — S lakhs, thus : — 

1,000 x 412=412,000 cubic feet R 

Say i ashlar, thus 103,000 at Bs. 2 2,06,000 

i rubble 309,000 at Rs, 15 ...... 46,350 

Sluices ••••.•••.. 47,660 

Total . 3,00,000 
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61. At Eastern Jamna Canal rates the gross valae of 81*4 cubic feet of perennial supply 
would be 31-4 x 600=fil5,700. 

Allowing 10 per cent, for working expenses, the net returns would be — 

16,700— ^=ai4,iso. 

and the percentage on the capital of H3,00,000= 3oo,(wo =4'71> 

62. In these calculations no allowance has been made for absorption or evaporation* The 
returns must, therefore, be accepted as the maximum theoretical amount. 

63« Navigation. — Considering the small extent of country commanded by the Betwa Canals 
and the uncertainty of a perennial supply, I would not advise any provision being made for 
navigation. 

64. Captain Baggers estimate for navigation works amounts to B4,61,464, as will be 
seen from Appendix V. At 7*aper cent, the net returns from navigation must beB84,609; 
and, allowing 16 per cent, for establishment charges, the gross return must be B39,800, or 
fidyOOO more than the navigation returns of the Ganges Canal for 1867-68. 

65. Alignment of Canal.'^I do not approve of Captain Baggers alignment of the Calpee 
Branch. I would carry the water in one channel to about the 17th mile of the canal, at which 
point I would fix the heads of the Calpee, Jaloun, and Kootound Branches.' 

66. By this arrangement, not only would the heavy drainage crossed in the first few miles 
of Captain Bagge's Calpee Branch be uninterruped, but, as will be seen by reference to 
Appendix T, there would be a saving of Si lakhs nearly, supposing navigation was provided 
for. 

67. Distribution of Supply. — Captain Bagge distributes his rubbee supply proportionally 
to all rajbuhas and branches. I would recommend two distinct kinds of works ; one to carry 
water durii^ the khurreef, with few, if any, masonry-works, and the other to carry- a peren- 
nial supply, constructed in a manner similar to the existing canals in Upper India. 

68. From Appendix S, it appears that by separate works for monsoon and perennial 
supplies, there will be a saving of over fi42,000 on Captain Baggers estimate. 

69. Summarizing the modifications, I propose— 

' (1) Abandonment of the Oorcha Reservoir. 

(2) Reduction in section of Ohusgowan weir and Ehoord dam, and reduction in 

thickness and width of ashlar facing. 

(3) Lowering the Ohusgowan weir two feet, and maintaining this supply by 

boards. 

(4) Abandonment of provision for navigation. 

(6) Carrying the supply in one channel for 17 miles, from which point would be 
led three branches; two of which — the Calpee and Jaloun— would carry a 
perennial supply, and the third— the Kootound— a monsoon supply only. 

Appendix R. gives the cost of the woiks as modified by me. The modifications show a saving 

of B63 lakhs over Paptain Baggers estimate. 

60. I have not taken up each and every design of Captain Baggers, considering that such 
could be better done by a special officer. The general opinion I have formed from the works 
that I have examined is, that Captain Bagge's designs are far more costly than necessary, and 
that even greater reduction than I have made could safely be carried out. For instance, the 
general rate for earthwork is Rs. 3, though some of the channels are less than four feet in 
width. 

61. In my estimates I have adopted Captain Baggers rates, as in most cases, no doubt, 
his local knowledge would allow of his opinions being more trustworthy than mine, 

62. From Appendix P, it will be seen that, with a capital of £36,88,412, a perennial 
supply of 440 cubic feet (valued at Rs. 600 per foot), a monsoon supply of 946 cubic feet 
(valued at B160 per cubic foot), and a charge of 40 per cent, for maintenance and repairs, 
the returns are 6*2 per cent, on capital. 

63. Captain Bagge, in paragraph 4 of his letter No. 289, dated 27th November, gives the 
returns on 90 lakhs of capital at 6*86 per cent. This figure is obtained by a charge of fiS 
per acre on the total irrigable area, and with an allowance of 70 acres per cubic foot for the 
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khureef, and 200 acres for the rubbee. No allowanoe is made for maintenance and repairs. I 
need scarcely remark on the probability of returns estimated in snch a manner being ever ob- 
tained. 

6 k In paragraph 4, Captain Bagge notes the possibility of making monsoon canals from 
the Oorcha dam. My opinion^ from aotoal inspection of the country^ is, that above Pareecha 
it would be impossible to lead canals from the Betwa from which the retoms would pay one 
per cent, on their cost. Mr. Richardson, in his No. 847, dated 8th January, written after 
completing the survey o{ the Betwa to Jirror Ohftt, says :— ''To take out khurreef canals is 
impossible, becausoy from observations, I note that the jungle-trees do not grow larger than 
three inches in diameter, after which they die off, thereby showing that the soil is very 
shallow—*! shoidd think two feet at most. All the cultivation that exists in the few wretched 
villages are jheel beds. The other portion of the country is a wilderness of jtmgle, with 
primary rocks close to the surface.'' 

65. In conclusion, I beg to remark that, although dilEering in many points from Captain 
Bagge^ and criticising unfavourably the manner in which certain calculations have been made, 
I consider that he and his assistants are deserving of conomendation* The labour bestowed in 
the preparation of the designs and estimates, in the collection of data for calculating the dis- 
charge of the Betwa, in the surveys necessary to elucidate the subject, can only be ascertained 
after careful examination of all the papers submitted by Gaptain Bagge. 

66. Whatever may be the result of this report, I would recommend strongly that no 
work be taken in hand for at least a twelve-month. In that time the Betwa discharge data 
will be more perfect, and more satisfactory estimates than those we have already will have 
been prepared. I would also propose that on completion of the surveys ordered in Chief Engi- 
neer's No. 29451., dated ISth December 1869, Mr. Richardson be ordered up to Nynee Tal or 
Delhi, and in conjunction with Chief or Superintending Engineer, further investigate the 
subject. 



APPENDIX P. 

Statement of Capital^ Income^ ^c, 8;c. 

B 

Capital 86,88,412 

Perennial supply, 440 cubic feet ® R500 2,20,00(> 

Monsoon supply, 968 „ » 150 1,45,200 

Miscellaneous Revenue . • 14,800 

Cross Revenue 3,80,000 

Net Revenue, 60 per cent, of Ghross . * 2,28,000 

Then percentage on Capital is ^^^^=6*2 nearly. 



APPENDIX E. 



Mr., Anderson's Prqfeet, Betwa Canal, prepared from Captain Baggffs data. 

B E 

I. — Ghusgowan Weir, Captain Bagge's Estimate .. . . . 9,96,287 

ring, vide Appendix X. . • • . 5,54,080 

4,42,207 



II. — ^Elhoord Reservoir Dam, Captain Bagge's Estimate . • . 24,47,904 
Saving, vide Appendix W. • • • . 11,11,184 

p. 13,36,720 



III,^— Perennial canals not available. 
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Bubble. 


Brick 
Masonry. 


AKh 

Masonry. 


Concrete. 




Ashlar. 


Stone 
Pitching. 


Timber. 


Gates. 


Mam Canal, 17 miiM:" 

BxcftTfttion . . • . • 
6 Bridffea, Jk>agn No. 1 . . 
CalpeeiMid Kootonnd Heads . 


86V284 


66;898 


16,880 
3.676 


::: 


97.28S,000 
720.000 
62.0UO 


::: 


168,600 
61,600 


442 


... 


Sa9g^9 Une qfZukkul Bt^buka, IB 

EzcftTfttion 

6 Bridges, Design No. 8 
SFallsSn. .. .• 8 . . 


86,284 


66,893 


23.406 


... 


96.060.000 


... 


206,200 


442 


... 


Z 


781210 
61,912 


18,284 


;;: 


26,886.600 
600,000 
10,400 


... 


110,000 
128,000 


z 


.*.'.' 




... 


180,122 


18.284 


... 


27.446.000 


... 


238,000 


... 


••. 


Earthwork . 

8 Bridges. Design No. 8 

11 ft »» M * 

11 , ... « ..6 

iFal! . . . 

Kadowree Head 
UTailFalls .... 


Vail:- 


z 


mini 

106,491 
118.074 
17,304 
18.890 
28,000 


6.642 
14,662 
9,702 

1.740 


z 


86^006.000 
300.000 
1.100,000 
1.100,000 
3.600 
1,100,600 


;;; 


66V0OO 
169,000 
66,000 
41.000 
... 


ii 


!ii 




... 


827,870 


82.786 


... 


39,612,000 


... 


821,000 


12 




BaMt*9 lint qfBanoda A^iifAa, 16 

ExcaTatloB 

6 Bridges. Design C . . . 
8 Falls. 4ft. .. C . . . 


..! 


16;i65 
6,616 


2,380 


... 


3,801.600 
110,400 


... 


... 


... 


... 


BangTi Uns of Main Canal, m 

Excavation 

6FaUs 


... 


20,771 


2.380 


... 


8.912,000 


... 


... 


... 


... 


12li846 


78^018 


... 


... 


8.893,000 
86.000 


109,000 


... 


... 






12.346 


78,018 


... 


... 


8,978,000 


169,000 


... 


... 


... 




Hate. 


HainCanaL 


Calpee Branch. 


Calpee Branch. ' 


Jaloan Branch. 


Khotond Branch. 


ExeaTstioB . 
Brick Masonry . 
Arch Masonrj 
Babble . . 
Stone Pitohing . 
Timber . 


800 
2000 
2600 
15 
200 
300 


96,060,000 
66.898 
20,406 
86.«84 
206.200 
442 


294.180 
11.179 
6.101 
12,793 
4,104 
1.326 


27.4*6,000 
180,123 
13,284 

288,000 


82,838 
26,024 
8,821 

4;660 


«9,6U,000 
827,879 
82,736 

381.000 
12 


118,886 
66,676 
8,184 


3,912.000 
20.771 
2,380- 


11.786 


8,978.000 
78,018 

12,346 
16,900 


11,934 

16.602 

l.i»62 
8,380 






... 


828,688 


... 


116.848 


... 


199,062 


... 


16.486 




32.768 



Then: 1. Ghnsgowan -weir 

2. Khoord dam 

3. Main Canal 

4. Calpee Branch 

Ditto 



5. Jaloan Branch 

Captain Bagge's Estimate 



6. Kootonnd Branch 
Ditto Appendix S. 



7. Monsoon Bajbnhas 
Appendix S. 

8. Perennial Rajbnhas 
Captain Bagge's Estimate 

9. Escapes 

Captain Bagge's Estimate 
10. CanidLand 
11^ ChoTvldes . • 



Add for Establishment and Contingencies @ 20 per cent. 



1,16,343 
1,99,052 

16,485 
56,000 

. 32,768 
73,551 



B 

4,42,207 

13,36,720 

3,28,683 



3,15,395 

72,485 

1,06,319 

74,595 

1,86,936 

35,133 

1,33,704 

41,500 



B 



30,73,677 
6,14,735 



Total . ft36,88,412 
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APPENDIX 8. 

Comparative cost of Canals carrying proportionally Perennial and Monsoon Supply, and of 

separate Canals for each Supply, 

Captain Baogb's Estikatb. 

Perennial an J Monsoon supply^ proportionally distributed : — B B 

Eootonnd Brancli, Appendix B. .••.«. 95,100 

Bara Khera, Eajbuba 10,200 

Sninpther „ 4,600 

Beora „ 5,830 

Seekree „ 14,457 

Hudruck „ 17,567 

Madhogurh „ 15,348 

Jursoli „ 27.193 

1,90,395 

Monsoon Canals, ___- 

Kootound Branch :— 

23,278,000 cnbic feet Excavation, at B 3 69,834 

17,759 „ „ Brick masonry „ 20 3,552 

660 „ „ Arch „ „ 25 165 

73,551 

Bara Khera Rajhuha :— * 

2,742,000 cnbic feet Excavation, at B 3 8,226 

4,899 „ „ Brick masonry „ 20 . . . • . 980 
182 „ „ Arch „ „ 25 45 

9,251 

Sumpther Eajbuha :«- 

983,000 cnbic feet Excavation, at B 3 2,949 

4,540 „ „ Brick masonry,, 20 908 

182 „ „ Arcb „ „ 25 • . . . . 45 

3,902 

Beora Bajbuha :— 

1,543,000 cnbic feet Excavation, at B 3 4,629 

2,733 „ „ Brick masonry „ 20 547 

182 „ „ Arch „ „ 25 . . . . . 45 

5,221 

Seekree Bajbvha :— 

3,478,000 cnbic feet Excavation, at B 3 10,434 

4,315 „ „ Brick masonry „ 20 863 

49 „ „ Arch „ „ 25 12 

11,309 

Eudrueh Bajbuha : — 

4,491,000 cnbic feet Excavation, at B 3 • . . • • 13,473 
3,278 „ „ Brick masonry „ 20 655 

14,128 

Madhogurh Bajbuha :— 

3,951,000 cnbic feet Excavation, at B 3 11,853 

11,853 

Jursoli Bajbuha : — 

6,571,000 cnbic feet Excavation, at B 3 19,713 

977 „ „ Brick masonry „ 20 195 

91 „ „ Arch „ „ 25 23 

19,931 

Total . 1,48,146 
Or a saving of B . 42,149 
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APPENDIX V. 

Cost of Navigation f^-'Captain Baggers Projects 





1 


1 


1 


1 


1 


1 


1 


& 


j 


ifatJi Canal .-—Locks, 

6 Bridges, Design No. 1; Tow- 

paths, &Cn &C. 

7 Bridfres, Design No. 2; Tow- 

paths, &o., &o. 


3,19,264 
60.718 
49,125 


4,68,896 
•*. 
*•• 


K886 
4,206 
6,166 


8,69,216 

•*• 
..t 


8,000 

••• 


10 


79,67,000 
6,00,000 
6,60,000 


88,000 

.■• 


... 
a*. 


Total 


4,18,107 


4,63,896 


24,267 


8,69,216 


8,000 


10 


86,17,000 


83,000 


... 


CdlptB BrancA.— T^ Fftlls, and Locks 

7 Bridges, Design No. 8; Tow- 
paths, &c. 

11 Bridges, Design No. 4; Tow- 
paths, &c. 

11 Bridges, Design No. 6; Tow- 
paths, &c. 


••• 


4,41,674 
42,112 
96,898 
48,996 


3,444 

16,498 

7,920 

4.762 


70,840 
••• 


1,820 
••• 


28 

».• 


14^1,000 

8,60,000 

11,00,000 

11,00,000 


92,400 
•ft 

• a. 
... 


140 


DsiIifol.—TaU Falls . . . . 


•.• 


6,28.679 
28,000 


31,614 


70,840 


1,820 

••• 


28 


40,01,000 


92,400 

••• 


140 




... 


6,00,679 


81,614 


70,840 


1,880 


28 


40,01,000 


92,400 


140 



Thus— 




Main Canal .'^^^ 




418,107 cubic feet Rubble 


463,896 „ 


Brick 


24,257 „ 


Arcb 


369,216 „ 


Concrete 


8,000 „ 


Ashlar 


10 Gates 




8,667,000 Cubic feet Earthworlc 


38,000 „ 


Stone-pitching 



® 



Calfet Branch : — 



600,579 cubic feet Brick masonry 

31,614 „ Arch masonry 

70,840 „ Concrete 

1,820 „ Ashlar 

28 Gates 

4,001,000 cubic feet Earthwork 

92,400 „ Stone-pitching 

140 Sleepers 



B 


B 


15 = 


62,715 


20 = 


92,779 


25 = 


6,064 


8 = 


29,537 


2 = 


16,000 


2,000 = 


20,000 


3 = 


26,001 


2 = 


760 


B 


B 


20 = 


1,20,116 


25 = 


7,904 


8 = 


6,667 


2 = 


3,640 


2,000 = 


56,000 


3 = 


12,003 


2 = 


1.848 


3 = 


420 



2,53,856 



Total cost of Navigation 



207,598 



461,454 
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APPENDIX W. 

Khoord Dam-^M. Delocr^B Profile. 
Dam or Weir, 50 feet Ligh, but calculated to bear a pressure of 62* feet. 
^ -/<f.^ ^ 




^^ 

Quantity Calculation*. 



Height 


. Area of 
Section. 


Length. 


Contente. 


Hdght 


An* of 
Section. 


Length. 


Content*. 












Bronght forward 


947,040 


16 


262 


270 


70,740 


13 


226 


160 


33.900 


20 


367 


30 


10,710 


20 


367 


150 


63,660 


14 


244 


130 


31,720 


12 


208 


50 


10,400 


30 


660 


70 


39,200 


24 


436 


50 


21,800 


20 


357 


160 


57,120 


37 


710 


150 


106,600 


4A 


916 


180 


164,700 


46 


998 


50 


49,900 


42 


856 


270 


231,120 


39 


772 


50 


38,600 


9 


154 


970 


149,380 


50 


1,111 


30 


33,330 


5 


84 


loa 


8,400 


33 


626 


210 


131,250 


5 


84 


100 


8,400 


30 


660 


120 


67,200 


4 


67 


50 


3,350 


26 


466 


100 


45,600 


8 


136 


100 


13,600 


27 


497 


50 


24,850 


14 


244 
Carried 


650 
[ over 


168,600 


18 


319 


1,260 


491,940 




947,040 


• 


Total 


2,056,860 



Thus— 
Ashlar 



Rubble 



(16-64- 18) 1,670 X 2=1,16,232 
46,568x2= 91,136 



Captain Bagge's Estimate of Ashlar 
Mr. Anderson's „ „ 

Difference 
Captain Bagge's Estimate of Enbble 
Mr. Anderson's „ „ 



Total 

7.59,000 
2,07,368 



2,07,368 
18,48,492 

20,65,860 



6,51,632 @ B2=ll,03,264 

19,01,290 

18,48,492 



Difference 62,798 @ fil6= 7,920 

Total Saving Bll,ll,184 
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APPENDIX X. 

Ghusgowan Weir — M. Deloere^t Profile. 
Weir 50 feet high, bat oalouUted to bear a pressnre of 70 feet. 




44'. 

Quantity Caleulationt, 



Height. 


Area of See- 
tion. 


Length. 


Contenti. 


Height. 


Are* of Sec- 
tion. 


Length. 


Content*. 












Bronplit for 


ward 


586,592 


28 


591 


73 


43,148 


16 


290 


60 


17,400 


U 


790 


20 


15,800 


25 


512 


70 


85,810 


42 


1,049 


20 


20,980 


17 


881 


80 


9,930 


48 


1,088 


SO 


82,640 


16 


SIO 


120 


87,200 


40 


976 


60 


58,500 


10 


189 


20 


8,780 


28 


591 


20 


11,820 


13 


249 


80 


7,470 


29 


619 


50 


80,950 


7 


180 


44 


6,720 


84 


790 


20 


15,800 


27 


564 


100 


56,400 


S6 


835 


80 


25,050" 


6 


111 


120 


13,320 


38 


903 


80 


27,090 


16 


310 


80 


24,800 


34 


790 


40 


81,600 


25 


512 


SO 


15,860 


44 


1,049 


20 


20,980 


24 


487 


37 


18,019 


31 


677 


40 


27,080 


12 


229 


83 


7,557 


85 


802 


30 


24,«.60 


16 


810 


20 


6,2(10 


48 


1,291 


10 


12,910 


6 


111 


17 


1,887 


27 


564 


60 


33,840 


3 


55 


23 


1,265 


14 


269 


80 


8,070 


22 


440 


89 


17,160 


16 


8)0 


30 


9,800 


16 


810 


146 


45,260 


2 


86 


ISO 


4,680 


80 


64H 


20 


12,960 


18 


852 


210 


73,920 


22 


440 


90 


39,600 


21 


417 
Carried 


140 
over 


58,380 


27 


564 

r 


50 

?OTAL . 


28,200 




586,592 


991,921 
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Thus— 
Ashlar 


(18+18)1,157x2=83,304 
32,699x2=65,398 

1 4.R 700 


Bubble 


8,43,219 



9,91,921 



Captain Bagge's Ashlar estimate 3,91,590 
Mr. Anderson's „ „ 1,48,702 



Difference 2,42,888 @ B2= 4,85,776 
Captain Bagge's Bubble estimate 14,20,715 
Mr. Anderson's „ „ 8,43,219 



Difference 



5,77,496® H15=86,624 
Total 



Deduct cost of planking for upper 

two feet, 
2,290 X 2 X i=2,290 cubic feet, @ H3=6,870 
450 Iron Standards @ B25 each =11,450 

Balance Saving 



5,72,400 



18,320 
5,54,080 



APPENDIX T. 

Diicharge of Betwa River from January, 1863, to January 1870, with amount drawn montklg 

from Reservoirs. 





1 


8 


8 


4 


6 


6 


7 


8 


9 


10 


11 


IS 


IS 




Month. 


i 

8 


1 
1 


1 

1 
g 

§ 
2 


1 

1 
i 


1 

1 
g 








^ 


1 


J 
1 


1 






J 


8 

1 


1 


§ 
1 


1 






a 

s 

a 

d 
i 


i 


1 


p 

i 


1^ 




January, 


1868, 








81 




1,028 


741 


869 


440 


1.410 




... 


February, 


»> 




... 




\i 


17 


., 


741 


485 


592 






... 




March, 


f * 




. 


18 


18 


... 


... 


825 


208 


276 




... 


164 


1,246 


April. 


M • 




... 


80 




.(• 




208 


99 


161 


.•• 


••• 


289 


957 


May, 


l» ■ 




81 


.. 




•.. 


... 


99 


70 


85 




... 


855 


602 


June, 


W 




80 


... 




... 


... 


6A 


64 


62 


>•• 




878 


224 


July. 


»> 




18 


... 




1 


12 


12-8F. 


17 




... 


Supply for ha 


If moohL 


Augaat, 


»» 




1 


4 




5 


18 


19 2F. 


99 






Canal* tx 


lU. 


September, 


>» 




10 


8 




... 


12 


28-8F. 


54 












October, 


•> 




1 


8 




8 


6 


6-9K. 


89 












November, 


»» 




80 


... 






... 


79 


46 


68 


••• 




878 


1.082 


December, 


f» 




81 


i*. 






... 


70 


89 


54 






888 


646 


January, 


1869. 




81 


... 




... 


.•• 


33 


88 


9» 






407 


239 


February, 


»» 




28 


*•• 




... 


... 


88 


88 


88 


Supply 


r for the montl 


^. 


March, 


>» 




81 


... 




... 


... 


' 49 


89 


45 


... i 


Canale dry. 




April, 


» 




81 


... 




... 




Dr 


y 












May. 


»» 




81 


••. 






... 
















June, 


ft 




81 


.•• 






... 
















July. 


n 




8 


... 




.•• 


23 


89-7F 


1,028 






CanaU f uU 


• ... 


August. 


ft 




••. 


... 






81 


16-3 F. 


61 F. 












September, 


t> 




,,, 


... 






80 


26-66F, 


8-4F. 












October, 


n 1 




• .. 


•*• 






81 


18-22P. 


6-OF. 












November, 


n 




... 








81 


60F. 


5-OF. 












December, 

January, 

February, 


1870. 




>•* 


16 


i's 


81 
31 


... 


815 
767 
260 


677 
694 
228 


764 
703 
218 


... 


... 


212 


1.198 



NoTB.^In 1867-68 the rubbee would have beeen recured. and w«ter would hnye been available for eugar and eerly 
rice ; 1868-e9 the rubbee would have barely been saved ; 1869-70, water would not have been drawn from the Reser. 
yoirs till February. 
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Flopi. VUciarge and Affiwxi Cakulatiom. 

By^ mt^sv^QMAtr 011. Udih Septemfcerj ) 860 :-*« 

Gauge 618*41 

Sectional Amk^ {A,.} 14^,4M si^r^^^efe 

Pejrimetwr (P.) ^ . . . . • 1,^4^ 

Disohargei (D.) ^r. 4fi^0 <v fti per seoottd; 

Qm^ 669'10 

Sectional hx^. (Al) 88,018 s(}QttP6 f^tdt. 

PeriSfi^ter. (PI) 1,664 

Discharge (DIJ) ...... 741^00 

*]!bot fli^ed diddha^ge ifl ealoulated thu8»:r*^ 

D : Dl :f A y A , -fc F. : AT ^ Al 4- PI 

A y/ A -H P r> 

DI =n 1 r. .. t n 

A > y/ A, -^ g, 
y 88,018» -5- 1,564 

. 45 A50 = 741,200 

v^ 14,492* -5- 1,440 



AFFLUX CALCULATIONS. 
Qkusgowan Weir.^ 



Flood DiBchiixge} 
BetwaBed 
Present Flood 
C^est of Weij 
Length otf Wefr 
Affinx, 



Bed; 



750)000 

L. 550-00- 

619-00 

598'00 

2,600' 

14' 



Kkoord Dam^ 



Bed. L. 






589-00 
64100 
636^00 
635-00 
5,500 ft. 
11-0 ft. 



B^twaBed ........ 

Present flood level above Pam ..... 

Ditto c^tto below Dam .... 

CiJest of DanL ....... 

X<ength qf Dam ••.... 

Afflux 

B(nrmi:tla by whicU afflux is dpterminedf is :-^ 

J)= Cd 1. v^^aTdl. (d, -K I d). 

D 9 Di$chai^. 

Cd = Co-efficient * 0-6SS; 

L = Length of Weir. 

d =s Afflii7. 

d; ss± Crest of Weir belbw— Pifesent Flood leveL 

At Ghusgowan the reduced levef of floods after the wir ise built will be 
598 + 5 + 14 = 617-0 

At SLhooid the fl^odlle^d:afibec (^od^frt^ioihof dam will be 

685 + I it It = 647-aorisix feet above present floods, which rise to a level 
of 641*0 on the* tip-stream side of dam. 



From tJie S'ajBrintending Engineer, 2nd Circle, Irrigation WorkB, N.-W. P., to the Chief Engineer, Irrigation 
Works, N.-W. P.,— No. 796, dated Delhi, tJwra6tKM»wb>. 1370* 

In qo&tmjEiation of my No. 782, dated: 85th Matfch^ I hahre- the honotnr to forward 

Plant, 9 sheetat *^® Betwa plans and sections, consisting of 27 

Sr ^^J^}ii^^^.hi^ ' ^heeta, received under cover of your No. 559 L 

Ditto of Site 01 neir, a BneeM. j^i.^j iai.!. -xr i. 

LoDgitndinsl'Seetion, a sheets. dated 19th March. 

I 
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2. In paragraph 46 of my No. 782^ I remarked that while approving of Khoord site 
for the Beservoir dam^ I should have preferred a site which allowed of a shorter length of 
dam. 

S. On examining the Betwa river maps^ I found that Captain Bagge had fixed the 
Beservoir dam at a point where the width of the river was much greater than it is for miles 
above or below. 

4. Thinking that a considerable reduction in cost would be the result of adopting 
Pureecha^ which is above Khoord^ as the site for the dam, I prepared the accompanying 
Estimates : my anticipations were not realised. 

5. The following is a comparison of the two works : — 

Length. Contents. Coet. Saving. 

Khoord dam . . 5,500 2,055,860 R13,36,720 

Pnreecha . . . 2,650 1,465,253 ,,11.01,886 R2,34,834 

6. Against this saving of fi2^86,000 must be placed the loss of revenue due to the 
37 cubic feet per second of supply which is contained between the Pureecha site and the 
Khoord Dam. The revenue from this 87 cubic feet^ calculated at R500 per cubic foot, 
represents at 7*5 per cent, a capital of R2,60j000. 

7. The advantage of the two sites are pretty fairly balanced ; but if the a£9ux due to each 
dam is considered, the Khoord site has the preference, for at Pureecha the a£9ux is 11 '28 feet 
while at Khoord it is only 6*00 feet. 



PUREECHA SITE. 

Reservoir Dak. 

Profile of Dam similar to Hat of Khoord Dam. 



Height. 


Are*. 


Length. 


Contenti. 


Height. 


Areft. 


Length. 


Contente. 












Total Broujfht over, . 


808,630 


14 


244 


13 


3.172 


26 


476 


24 


11.424 


18 


319 


27 


8,613 


29 


6S9 


26 


14,014 


16 


281 


70 


19.670 


27 


497 


30 


14.910 


10 


172 


20 


3.440 


29 


639 


20 


10.780 


16 


262 


30 


7,860 


26 


466 


60 


22,800 


12 


208 


60 


10.400 


26 


476 


16 


7.616 


86 


476 


26 


11.900 


21 


377 


14 


6.278 


33 


626 


76 


46.876 


26 


466 


170 


77,620 


87 


710 


130 


92,300 


31 


691 


70 


41.370 


88 


741 


100 


74,100 


27 


497 


60 


29.820 


30 


772 


160 


123,620 


24 


436 


23 


10,028 


45 


944 


40 


37,760 


29 


639 


47 


25.338 


42 


866 


60 


42,800 


26 


476 


80 


38.080 


39 


772 


20 


16.440 


24 


436 


120 


62.320 


41 


821 


30 


24,630 


27 


497 


100 


49.700 


45 


944 


80 


28,820 


21 


377 


250 


94.260 


43 


888 


190 


88,800 


28 


618 


100 


61.800 


39 


772 


66 


43,282 


30 


660 


100 


66.000 


37 


710 


28 


19,880 


27 


497 


6f) 


24,860 


27 


497 


44 


21,868 


22 


397 


10 


3,970 


31 


691 


100 


69,100 


14 


244 


20 


4,880 


27 


497 


60 


24,860 




Total, 








Total Csrrie< 


i over 


.808.630 


1,466.778 



Thng:— 
Ashlar 

Babble 



(16-6 X 18) 2,398 x 2 
6,676 X 2 



1,65,941 
13,352 1,79,293 
12,86,960 



Mr. Anderson's Estimate of Eboord Dam Ashlar 
Mr. Anderson's Estimate of Pareecha Dam 



Saving 



14,65,253 

2,07,368 
1,79,293 

28,075 
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Mr. Anderson's Estimate of Elioord Dam Bubble . 
Mr. Anderson's Estimate of Pnreecba Dam . 
Add contents of Piers, 206 in number- 
Mr. Anderson's Estimate of Khoord Dam Piers, Babble 
Ditto ditto Pureeclia . . . 



. 18,48.492 
. 12,85,9€0 

. 7,27,100 
. 98,400 



Total Saving 



& 

5,62,532 

6,28,700 
11,91,232 



Thus:— 



28,075 cubic feet Asblar <3 R 2 
11,91,232 ditto Bubble ® „ 




BESEBVOIB SUPPLY. 

Supply with Dam at Ehoord . . 

Deduct qnantily stored between EJioord and Pnreecha 

Contents of Besermr with Dam at Pnreecha 



LOSS BY EVAPOBATION. 



Area with Dam at E[hoord 

Ditto between Ehoord and Pnreecha 



4,013,930,000 
531,960,000 

3,481,970,000 



101,247,600 
13,710,000 

87,537,500 



Then loss is 87-537-500 X 303 = 265,238,652 cabic feet, and supply is 

nf :^Tx1^'f r = 245 cubic feet per second. 
Volume in Reservoir with 

Dam at Khoord is . 282 ditto ditto. 



DifEerence 



37 ditto ditto. 



COMPARATIVE RESULTS. 
Elhoord Reservoir contains 37 cubic feet per second more than Pnreecha Reservoir. 
Then— 37 X 500 = 18,500 is the yearly revenue that will be lost by adopting the Pnree- 
cha site. This at 7*5 per cent, represents a capital of 







while saving in cost of Pureedha Dam . Bs. 2,36,000. 




AFFLUX CALCULATIONS. 






CaUo Feek 


Flood Discharge 


. 760,000 


Length of Dam 


. 2,650 


Crest of Dam, Bed. Level 


645-0 


Present Floods . . 


6450 


Surface of Country 


649K) 


Afflux 


11-23 


Then D. = 750,000 1. = 2,650 




C.a.= 0,625 d.= 





D. = c.L y 29d, (d) + I d,) 

750-000 = 0,625 + 2,650 x 8'02| -/ d,» 



|g _ Twtooxs 



V "» — O'tiS X <,«» X 6VS X I' 

d, = 11-23. 

and reduced level will be 
Ditto of country 



= 37-64. 



645 + 1,123 = 656-23 
64900 



Height of Embankment 



723 



CLINTON ANDERSON, 
Supdff. Engr., 2nd Circle, Irrigation Worlu, N..W. P. 

il 
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Extract flfom a Note hy the Chief Engineer qf Irrigation, Norfk-Weittm Pnmnees^ No. 233 ~-^^^^ 

February l&yn. 

BeTWA C^AIA, 

IX.— The Betwa Uiver WM Arat examiiked; T^ttli a tiew to iirigation, by Captain F. 

Home, 11.E., in 1867-68. On this officer going to England, the late Captain Arthur 

Bagge* R«Er, ^k up the enquiry on a wiiicr basis, and acquired the valuable knowledge of 

the charaeter ^ the soil in the field of this canal, which is the basis of the present scheme. 

After deducting the area of m&r soil it is found^ that 228,000 cultivated acres of loamf 

• ParagwsphOof Captain Bagge's report. ^^d swidy soils requiring Wftter, are irrigable 

^'^''*V7'iS^^*l^'^f"T'*^/^'^L?'^*^ from tliew oanftls, Those laods Ke on the 

coaree gpit, detritus of kunkur quartz and ffTtfvel. . , -. .. ^ «w«» jic uu ine 

borders of the Betwa and Pahooj Rivers, and 
can be served by the two canal branches (see ) above specified, which are shown 

in the map, page 1, of Appendix B. 

X.— The project of Captain Home, th^ result rf a single season, was not sufficiently com- 
plete, or that of Captain Bagge sufficiently encouraging, to justify their adoption; but all the 
daia on which 'We are now working were obtained by the laborious researches of these two 
officers, and it is certain that if either had been able to continue their enquiries, the conclusions 
now arrived at would have been determined three years ago. In the interval> the Government 
has lost in Captain A. Bagge one of it? most devoted and valuable officers. 

XI.— We now propose to take out a oawJ from the left bank of the Betwa at Pureecha, 
the point selected by Captain Home, 18 miles below Jhansie. 

The canal, after passing thrpugh the Sqmpther State, divides into two branfchefl, which will 
terminate in the Jumna,— one near Kootound in Jaloun, the other near the station of 
Humeerpoor ; leaving the m&r soil which lies in a basin between the two rivers for the present 
untouched. 

XII.— Lieutenant-Colonel Brownlow, who faati examined the «ubjeot, findsj: that a volume 

t Appendix C. ""^ ^^^ ^^®* ^ '^"^^ i*^ *« B®*^ may be 

counted upon in September and October, which 
dwindles to 50 cubic feet in February. 

XIII.— This volume will afford a first watering to 120,000 acres, the total lands annually 
under rubbee cultivation, of which two^hirds, or 80,000 acres, may be fully watered and the 
remainder will get started at any rate, and may get further help. 

XIV. — For calculation of returns, the 80,000 acres only are taken into accotmt and the 
60,000 which, when requisite, can be watered in khurreel, are also disregarded. There can be 
no doubt that these returns are moderate and reliable. 

XV.— It is proposed to raise a weir at Pureecha to the level proposed by Captain Home 
for the sill of his masonry structure R. L. 622-66 ; making the weir thick enough to allow 8 
feet more masonry being added, if found practicable, so as to bring it to the level 625*66 
which Captain Home proposed to attain by the use dE planks. The violent stream of the 
Betwa renders iJie use of planks undesirable. Proceeding thus tentatively, there is no fear of 
accident or misehief , and every prospect of our being able to increase the juration of rubbee 
supply ultimately by forming a reservoir above the Weir. 

XVL^Reducing the capacity of the canal soas to<»rry 600 cubic feet dttritig rubbee 
and 700 during the monsoon, when the river is running ftdl, it is found practicable to reduce 
the depth of digging proposed by Captain Ho»i« a f#et. This anwgement &(ea the sill of 
canal head at B. L. 619*66. 

XVII.— The reduction of depth of canals, and « w)difica4ion ^ i^Ugtuoent in the first 
16 miles, bring the rough estimate of the cost of the scheme to Bs. 17,25,000, on which a net 
return of Rs. 1,71,000, or 10 per ceut., may be fairly expected. 



Note by Libutbkjlnt-Colohbl Bbowhlow, OflSciatinjr Joint Secretary to Govemmon^ IrrigaQoa Branch on 
Bet*7a project, No. 674 1. C, dated Allahabad, the Ist April 18j^2. 

In 1868, Captain (then Lieutenant) Home* recommended construction of a canal carrying 

A a maximum khurreef supply of 1,000 

• Pros., Go^.. N.-W.P., Vol.-., Peby. 1869, Noe. 9-89. cubic feet per second, with a depth of 8i 

feet, to be taken out from river near 
village of Pnreeeha, whete an admirable site for a weir exists. 
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Hie length of weir erei^ to be iy^M teet, height above bed in lowest part 25 feet. 

Botighly estin3Ubted cost of whole scheme Rs. 1 9^29,246, giving an estimated retom on capital 
of 7'9 per cent.^ after deducting cost of maintenance and repairs. 

2. His Honour the Lieutenant-Qovemor, Morth-Western Provinces, in his minute on 
project, stated his disindination to favour any project that did not include ample rubbee supply, 
doubting willingness of people to take water in kharreef except during years of drought, as 
effect of irrigation on the black (^' m&r '') soil was tmcertain. 

8. Colonel Greathed suggested establishment of reservoirs for regulating in some measure 
the floods, and supplementing canal supply, when water in river should be low. 

4. Colonel Strachey, in commenting on project as Inspeotor-GeneTal of Irrigation Works, 
leaned towards immediate construction of a khurreef canal before attempting to deal finally 
with the storage of water to supplement the rubbee volume of canal, considering that there 
was no solid ground for apprehension that the black eoil mi^ht prove unsuited to irrigatioui 
and believing that khnrre^ irrigation would laigely develope if water were once supplied* 

Generally approving of project, he suggests an alteration of alignment between the pro- 
posed head of canal and town of Mote, to savB the heavy excavation entailed by line adopted 
by Captain Home. 

5* Sir W. Muir adheres to his opinion as to inexpediency of setting on foot any purely 
khurreef project, and Colonel Greathed points out that opinion of agricultural community, ai 
represented by civil officers of Jaloun, Jhansie, and Humeerpoor, is opposed to that of Colonel 
Stiachey's in the matter of irrigating the black soil. Lieutenant Arthur Bagge, R.E., then 
subttitted a project in November 1869, the cost of which, including that of reservoir dams 
(which amounted to one-half of sum) was close upon 90 lakhs of rupees. Omitting the esti- 
mated cost of head weir and of two reservoir dams. Lieutenant Baggers project amounted to 
S6 lakhs— ^nearly double the cost of Captain Home's, which (omitting cost of head weir) 
amounted to 18i lakhs. The difference was attributable to a more complete development of 
the project, to necessity of providing for navigation, and to heavy expenditure in crossing 
drainage. 

6. Having in view th^ desire to use the channel of river itself as a Movage reservoir. 
Lieutenant Bagge placed the head of his proposed canal at Ghusgaon, this loweet of the fou^ 
locky barriers which t^ross the channel of Betwa between the Burwa Saugor Gbftt, where it 
debouches from hilly country, and a point IT miles ioWer down. Fifteen miles from Ohuegowan 
the line regained general waterrfied of country at an oUigaiofy point, laid down by Colonel 
Greathed. 

7, Lieutenant Bagge submitted with his r^rt a very interestiBg soil ehart,* in which 

^. „ tracts Qontainittg 75 percent of black soil are 

•Seemapappo.itetop«ge4.AK«na«B. Coloured g«y, those oontaimnff neariy the aani« 

proportion (70 per ceiit») of loamy and sandy aoils are coloured sepia, and the sandy soils are 
coloured burnt «ienna. Out of 628,000 acres of cultivated land embraced by the project, he esti- 
mates 800,000 acres as black soil, and from the measured areas of the Jaloun district he obtains 
the foUowiJig peroentages which he consideis fairly applicable to whole area under considera- 
tion :— 

Cultivated lands S4 Per cent. 

Cultnrable 10 „ „ 

Barren and ravines 35 „ ,, 

100 

8L If we now take up the project with the object of supplying as much water as may in 
oidinary years be available to the rubbee crops on the loamy and sandy soils, leaving all black 
soil tracts out of the scheme, and omitting also to provide for navigation^ we shall have 
lOugUy the f ollowiBg data to go upon. After studying the table of measured discharges in 
tibe river, extending more or less continuously over a period of four years, I think we may 
fairly rely on starting the rubbee crops during the end of September and October of ordinary 
years with 600 oubiofaet per seconds dropping to 350 cubic feet in Jaauaiy and 200 cubic feet 
in February. In dry years^ we aball be able to atart the crops with very nearly the same 
volume (600 cubic fieet) obtained in ordinary seasons; but this will only be available during 
end of September and early part of October. The supply of water in river falls rapidly to 160 
cubic feet in end of October^ and to only 50 cubic feet in February ; allowing for the very great 
decrease in the volume of canal between the commencement and the end of rubbee, 1 think we 
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should only calculate on full-water rates being realised on two-thirds of area irrigated at com- 
mencement of the season. Taking 200 acres per cubic foot per second as duty ultiinatelj 
obtainable in irrigation of rubbee crops^ we have :— 

Es. 
Cubic feet 600 X 200 =: 120,000 acres irrigated in September and 

October, two-thirds of which = 80,000 acres @ Rs. 2 . = Be. 1,60,000 
Add 12 annas per acre for enhancement of land revenue • • . 60,000 
Add 5 per cent, of water-rate miscellaneous revenue • * . . 8,000 

Total ultimate returns . 2,28,000 

Deduct 25 per cent, for working expenses 57,000 

Balance net revenue . . 1,71,000 



9. These will be^ of course^ ultimate returns, but as they take no 
account whatever of khureef irrigation (which it is hard to believe will 
not be carried on more or less when the water is available), I think [the 
estimate cannot be called excessive. Rs. 1,71,000 return 7 percent, 
on 24*^ lakhs of rupees, so that I think we have good grounds for recom- 
mending such a project for serious consideration. Cutting the black soil 
tracts out of Lieutenant Bagg^^s scheme, we should have to irrigate from 

main channel 222-69 miles. 

Eootound Branch • • • . • . • . . 467*00 

Calpee Branch . . . . * • . . . . 375-00 



Total 1,064-00 

Deduct 85 per cent, barren • 872*00 



99 



Balance cultivated aud culturable, 692 square miles . . = 4^2 880 acres. 



of which we should fully irrigate 80,000 acres, or 18 per cent., during the rubbee, and could if 
required, irrigate 700 x 70 = 50,000 acres, say, between July 15th and September 15th of a 
dry khureef. This would be 11 per cent, of the whole area, so that on an emeigency we should 
be able to protect very nearly one acre out of every three. 

10. Captain Home's proposed site for a weir is decidedly the best, and should be adopted, 
I think we can keep the masonry sill at same height as designed by him, but the reduction in 
volume discharged by canal will allow of our raising the bed two feet above the level originally 
proposed. This raising of bed level, together with a modification of alignment of the ^st 16 
miles, will materially diminish the excavation on this portion of line. 

Cutting out of Captain Home's estimate the branches of rajbuhas intended for irrigation 
of black soil, and allowing for a reduction in excavation of first 16 miles, we get Bs. 17,2)^000 
as a rough estimate of cost of modified project. 

11. The calculations of maximum flood discharge of such rivers as the Betwa by the 
application of ordinary fortnulsB are quite unreliable. 

With reference to that on page 8 of report,^ I may observe that these formulaB are derived 
• Appendix B. ^^^ experiments made in small channels of 

regular section and slope, and give results much 
in excess of the truth when applied to channels of irregular section and slope. Lieutenant 
Bagge,.too, apparently includes the areas of deep holes above rocky barriers in his sections of flood 
volumes, which will at once account for a portion of the excessive volume obtained by him in 
his calculations under consideration. In such calculations, too, the slopes of surfiices of floods 
should be regarded, and not the slopes of river beds. Furtlier, the deduction that velocities 
will vary as square roots of hydraulic mean depth is only true when surface slopes remain 
conscant ; the very first efiect of an increase of flood volume in a channel Hke that of the Betwa 
at this point being to increase markedly the surface slope. Were the formulsB employed correct 
in other respects, both these sources of error would give results very much below the mark and 
they account for the comparatively low volumes obtained in calculations at top of pages 9 and 
10. Failing any better means of arriving at the truth, we must obtain a maximum flood 
volume from calculation of water running off catch-water basin after heaviest known fall. The 
Surveyor-Oeneral has supplied area of catchment basin, and a calcuktion of maximum flood 
on that basis is appended. 
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12. I think the measurement of volumes in river should be continuedj especially of the 
volumes during October to February. 

IS. Having regard to the volume of river between November and June^ I do not think 
it possible to maintain navigation during those months in the irrigating channel^ except on an 
insignificant portion of its length ; and owing to the small capacity of the terminal irriga- 
ting channels^ any scheme of through navigation willj in my opinion^ entail an expenditure on 
still water channels quite out of proportion to any advantages derivable from them. 



From the Goyerament of India, to the Secretary of State for India, No. 121, dated 16th September 1872. 

Wb havb the honour to report for the information of Her Majesty's Oovemmentj the 
measures in progress towards the development of irrigation in Bundelkhund^ regarding which 
the Lieutenant-Oovemor of the North Western Provinces^ in a Minute dated the 4ith Septem- 
ber 1868^ recorded the following opinion :— 

" There are few parts of the country in which canal irrigation would prove a greater blessing 
than in that territory. The rainfall there is generally more scanty, irregular and uncertain ihain in 
the Doab and the Trans- Ghingetic Provinces. At the approach of drought, the people are in the 
habit of emigrating for the time to more favoured localities. The tenure of land is consequently 
far less valuable and fixed than where the production is tolerably certain. There is less accumula- 
tion of capital and less ability to tide over seasons of difficulty, and so, when drought and famine 
do occur, the miseries of want and depopulation are experienced with an intensiiy and duration 
quite unknown in the more favoured tracts to the north of the Jumna and Ganges.'* 

2« This Minute was written on the occasion of the submission of two preliminary canal 
schemes roughly projected for the Province. These, after being reviewed^ were returned to be 
properly worked out and matured. 

5. In January last a third scheme was projected and submitted, and last April the pre- 
vious two were re-submitted. 

4. The first of the projects provides for a canal for spring irrigation from the lefb bank 
of the Betwa river, and is intended to irrigate portions of the Jaloun and Humeerpoor districts 
in a triangle contained between the Betwa, Pahooj, and Jumna rivers. The cost has been 
approximately estimated at 17i lakhs of rupees, and the returns at Bs, 1,71,000, or 10 per 
cent. ; but these calculations cannot as yet be relied on. 

6. The second provides for a canal^ also for spring irrigation, from the right bank of the 
Biver Dussan, to irrigate part of Humeerpoor. It is calculated to cost about 12i lakhs of 
rupees, and to yield a clear return of more than 1^ lakhs, or Hi per cent, on the outlay. 

6. The third scheme consists of, as modified by the Chief Engineer and recommended for 
adoption, a weir on the Biver Keyn, with canals leading therefrom, for the irrigation of the 
Banda District, and has been roughly estimated to cost Bs 1 3,83,099, including working 
expenses and establishment, and to return a profit of Bs. 90,392, or 6*8 per cent. This 
scheme is capable of extension hereafter, if found necessary. 

7. Your Grace will see from the papers forwarded, that we have accorded our general 
approval to these projects, and authorised tiieir being prepared in proper detail for final submis- 

• T 1 J. _^ u,. V X sioJi for sanction. An expenditure, of nearly 

Bs. 1,25,000* has been, with our permission, 
incurred in their preparation, from Local Funds, which is, however, to be refunded from 
'' Ordinary '^ in the event of conclusive evidence not being ultimately adduced in proof of the 
schemes being eventually remunerative. 

8. In addition to these projects, proposals have been submitted, and have received our 
sanction, for the management, improvement, and further development of tank irrigation in 
the southern and hilly tracts of Bundelkhund, the works embraced in which promise to be 
very profitable. 

9. We shall not fail to apprise Your Grace, from time to time, of our further proceedings 
on the subject of our present despatch. 



From— The Secretary of State for India, To— The Qovemment of India,— No. 12, dated 20th I'ebmaTy, 1873. 

I HAVE had before me in Council your letter No. 121 of 16th September last, reporting 
measures in progress towards the development of irrigation in Bundlekhund, wilb a view to 
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wfafici)^ iMi oq^Bditve Qf S«. 8fi,050 on the repair aod improvement o£ certain tanks has been 
sanctioned^ and general approval accorded to three separate projects £or leading off caiiLalsfroiA 
thei Rivers Setwah^ Dassao and Keyn. 

2. The cost o£ these projects has. been approximately estimated 9t 17i^ 124^ and 13| 
lakhs j; and the annoal returns thereon at 10^ Hi and 6*8 per cent, respectively; bi«t these 
estiimtes wo»ld seem to have been regarded with some distrust^ as the order o£ your Govern"* 
ment sending them baok to be ^' prepared in proper detail for final submission for sanction^'' 
was accompanied by an intimation that ''an expenditure of Rs. 1,25^000 incurred, with 
permissioD^ in their preparation from Loan Funds/' should '' be refunded from Ordinary^ in 
the event of conclusive evidence not being ultimately adduced in psoef of the schemes, being 
eventually remunerative/' 

3. The caution with which your ExeeUency's. Government is proceeding in this matter is 
plainly- not greater than the circumstajxces require. So far as can at this distance be leadiL]^ 
judged^ the proposed works have been planned^ and the estimates of expenditure framed^ with 
adequate care, but in regard to probable pecuniary returns^ recorded opinions differ very mate- 
rially. On one side it is confidently asserted of the Bundlekhund territory generally^ that 
'^ water is very much wanted during the rubbee or winter harvest^ and will be taken with 
avidity in aU but the most unusually favourable seasons /' that Zemindars will gladly welcome 
the introduction, of canal irrigation, and willir^ly '^ pay the. usual fwter-rates /' and also Uxai, 
aUdMM^h ^* at present water i& not tajKen, where available^ for the mar ov bhick oottpn soil/' 
which. ehie£^ {nrevails, ''save ia very unusual droughts/' ^ ^ ^ the "proidsioA g£ a 
rubbee supply fodr m many aetes as; possible of the Iobbo^ (or kaiur)^ soik " iaa genuine 
requirement. But> on ike other hand^ of the local QflBcers speaking for particuls^: Districts 
oJie represents the cultivators as " unwilUng to avail themselves of the wat^r " already 
obtainable ; another, even while advocating the construction o£ canal^j admits that, "aa to the 
readiness of cultivators to make use of canal water, the results will not at first be encourag- 
ing," and that the growth of such readiness is likely to be "slower in Bundlekhund than in 
the Gangetic Doab, on account of the backward condition of the country and the natural 
indolence of the people ; a third expresses his fear that '^a canal' for irrigatioi^ only would not 
pay expenses,* for that water '• would be taken only in pttrwa (or swady^ soiF, unless the rates 
were very low indeed; and a ftnirth gives it as his opinion that " barley, ami, to a less extettl^ 
wheat, wiH .be the only crops- of importance irrigated, and that these akme wiH not pay 
expenses." 

4. The prudent inference from these conflietiog statementff m that, if the practice of 
irrigation do in Bundlekhund follow extensively on the construction of irrigation works, it 
will, at any rate, follow only very deliberately, so that, in order to estimate with any approach 
to aecwaey the percentage upon cost wUch the peeaniary rstums witt eventaally represent, it 
will be indi^nsable to take into account the additions te original euAlay to he mad» by veiissn 
of deficient verenue durijig the many yearn wiudb nwy elapse befwe the canala betome ftdijir 
remunerativer 

6. Your ExceUency will observe that these remarkv apply only te Ae Canal schemes- still 
awaiting finali orders^ and have no lefereace to the measurea which hsve beeik alieady sanctioned 
for the imptovemeni of existing tanks:. It seems toienUpp oertaaa tbafctbe wmmf so expended 
wiiU be speedily, as 19M. as abundantly, lemnnwative. 



No. 02557 1. 0., dated Nynee Tal, the lath Se^tenpjMK IKS^ 

B^coft ^ tAe Ck^fXngin^er ^JrrignUiofi im the Neri^JTiH^m i'l^aost,. npan* <Ae dr.f^glU 

which hav^ nnted £un4eiiAMni. 

Thb Government of India has been pleased to call for^ 

" Particulars of droughts of former years, their results on the people as well as on the Government 
land-revenue receipts, and the expense incurred by Government foe the relief of distress.'* 

Accordingly the following compilation has been made. 

Following the arrangement prescribed, the subject is divided into— 

Lr^lm viSiaks ot dvoiight on the people. 
11^ — The result^ on the. land-revenue receipts, 
in-— ThA ei;rpense. inoazred by GovenwentiA the r^li^f of distress. 
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I. Concerning the effects of drought on the people^ we are limited, in the absence of a 
local presB of any consideration, to the information afforded from time to time by officers en- 
gaged in the adroinistratiou of the country in their reports to Government. 

No description can be found in documents to which we have access, of the effect of 
famines previous to that of 1830, but the Calcutta Gazette* of 1808 informs us that a bounty 
of 15 to SO rupees per hundred maunds was paid by Government on importations of food-grain 
from Bengal to Allahabad^ Benares, Cawnpore, and Futtehgurh. And what a world of suffering 
and woe lies buried under that announcement I 

In 1842 Mr. C. Allen, the Settlement Officer of Humeerpoor, writ est : — 

'* The season of 1834 was one of unparalleled distress to the people of this district and of loss 
to Government. « The miseries of famine, pestilence and exile, which denuded this district of nearly 
one-half its population, are too well known to the world to need recapitulation here. 

" In Humeerpoor, in the pergonnahs under report, the drought of 1838 was felt less heavily 
than that of 1834, and the balances were less heavy ;'*••• « but in no year has the whole 
]«venue been realized, (this was partly due to over-assessment)." 

In the same year, speaking of the famines of 1830, 1884, and 1838, Mr. W. Muir, the 
Settlement Officer of Calpee, says : — 

" No one who has not toiled through the details of each village can conceive the extent of 
alienation of property, or the misery attendant on the depopulation of villages, and the disruption 
of society which has prevailed in this unhappy country. • • • By the drought of 1834, thirty- 
five villages were totally desolated in Jullalpore ; and in 1834 and 1838 seventy.two villages in 
Calpee and Humeerpoor were laid waste, and left without an inhabitant. 

" The frequent injury which failure in crops inflicts upon an estate, reduces its value in two 
distinct respects, first, by the actual losses they occasion ; and second, by depreciating, as they 
render uncertain, the returns actually obtained : the losses to which I allude are not those of severe 
and extraordinary famines, but of such unfavorable seasons as are of conmion occurrence. The 
calamities of over-assessment and famine have prostrated many estates so completely, that it is 
almost impossible to tell what their ultimate capabilities may prove." 

The suffering of the people in 1868-69 are thus described :— 

Banda and Humebrpoor.— C(>mmiMicH»^ of Allahabad. 

'* I f otmd the poorer classes reduced to the lowest extremity : their cattle sold, their fields bare , 
and without means of existence other than that found from wild berries or than that furnished 
from the few stunted plants which had not actually withered : the better classes were reduced to 
want and brought into debt. ' 

Again — 

" The total loss (in that famine) was computed at 85,385 head of cattle, or 20 per cent, of the 
whole stock ; of these 20,000 were plough-cattle, which represents the power of cultivating 50,000 

acres." 

JfiiNSiB AND LuLLUTPORB. — Commissioner of Jhaneie. 

" The gpndn-dealers, in the hopes of still larger profits, withheld their stores from market. 
Seeing no prospect of a harvest from which to recover their loans, they stopped advances, whether 
of cash or grain, to their cultivating constituents, and left them to do the best they could for them- 
selves. The inferior grains were not procurable. From this state of things great distress was begin- 
ning to be felt : people began to flock into the city for relief ; cultivators with their cattle and 
families left their homes, to wander they knew not whither, in search ef food or employment. 
Children are reported to have been sold by their parents in the city of Jhansie. Small-pox raged 
during the first six months of 1869. Sun-stroke carried off numbers of enfeebled wretches : men 
came in weary and weak, and fasting, took a long draught of water and died. Cholera appeared 
with the rainy season, and fever of a malignant type, the usual attendant of scanty and inferior food, 
doubled the tale of victims : 20,300 died in the district of Jhansie in 1869, while in 1868 only 
3,180 died. 

" In Lullutpore also, of 233,000 cattle, about 95,000, or 41 per cent., died. Some were sent 
off to the jungles, others were driven to shift for themselves in the barren fields. The change to 
abundance of grass and and water upon the setting in of the rains in 1869 is said to have destroyed 
numbers. The stench arising from thousands of carcases polluted the air, and contributed to the 
utbreak of cholera, which was the last visitation. B88,000 were advanced for useful works and 
B70,000 for seed and cattle. Bvi the advances went to buy bread and Reserve life, consequently 
wells have not been sunk, cattle have not been replaced ; want of men and cattle prevents cultivcUion : 
60 per cent, of the land revenue demands were suspended.** 

• See CaUmtta GazetU, III., 186. 

t Reports on tbe Revenue Settlement of the North- Weeteni Provinoei, Volume II., Vnxt II. 
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Let ns now see the contrast afforded by a description of the irrigated portion of the North- 
Western Provinces, in the scarcity of 1868-69 ;— 

** The canals, where they existed, were the life of the conntry, ; unhappily, however, there 
were considerable tracts within the area of drought which possessed no snch advantage, bnt the 
benefits conferred will be apprehended from the following plain statement of facts. The produce 
saved by canals has been estimated at half a million tons, but the estimate of the District Officers 
is still higher, and their valuation amounts to five millions sterling. In former famines there was 
no food within possible reach of the afflicted districts. In 1868-69 the development of irrigation 
created a surplus stock in the plains of the North- West, which an arterial railway carried east and 
west with great facility : but other means of transport were insufficient to carry the entire food of 
a population, and unfortunately Bundelkhtuid and Ajmere, the provinces most remote from railways, 
were also dependent entirely on the rainfall for their sustenance. 

** The irrigated tracts of the Doab (or central portion of the plains included between the rivers 
Ganges and Jumna), says another reporter, were the heart of the province from which surplus 
food flowed out by railway westward to the Cis-Sutlej States, in which there was no harvest to 
reap ; and southward by never-ending trains of carts and camels to Bundlekhund, Ajmere, and 
Bajputana, where no grain was ever sown. Under Providence a famine was averted in the Cis- 
Sutlej States and the Doab by the combined action of railways and canals. 

''But besides producing food for the support of human life, canal irrigation created sustenance 
for cattle which was producible by no other means ; and at a crisis when wells failed in well-irri- 
gated districts, and herbage and fodder depended on abundant water, the cattle of the Doab were 
saved strong to labour in the work of the following harvests; whilst elsewhere those harvests also 
were reduced by the want of cattle which had been swept off by the drought. 

''And, lastly, canal cultivators became rich whilst others suffered, because they realised both 
large crops aud high prices ; the payment of land-revenue was assured ; the breaking up of com- 
munities, the unsettlement of the social system of the country, the loss and dispersion of property, 
which famine entails, were averted; and a vast sacrifice of life prevented, which, but for the 
extension of canal irrigation, must have occurred in 1868-69, as it had occurred in the same 
districts in 1837^8." 

It has been requisite to introduce a narrative of the condition of Lnllntpore, which comef 
indirectly under the influence of the Bandelkhund Canals, because it illustrates with harrow- 
ing intensity what must happen to an isolated country, dependent for food on the rain of 
heaven, when in the course of nature the supply fails. Lullutpore suffered in 1868-69 as much 
from isolation as from drought, for it is humanly impossible to transport the food of a popu- 
lation many miles by any agency but railways or canals : and Bundelkhund, from its position 
and its poverty, has no prospect of enjoying benefit of railways. 

Had Bundelkhund possessed canals in 1868, the condition even of Lullutpore would have 
been far less terrible, for food would then have been procurable within a distance which 
available means of transport would probably have sufficed to bridge. 

And until Bundelkhund has canals, the people not only of that province, but of neigh- 
bouring countries, must die by thousands ia future periods of drought as tbeir fathers have 
died by thousands under past visitations. 

II. — Effects on the land-revenue. 

First in necessitating light assessments. 

In the Settlement Report published in 1842, the Settlement Officer of Calpee suggested 
in view of the frequency of fanedne, a fixed graduated scale for remissiona on the report of the 
Collector of the district as to the result of the season. 

" I beg to suggest whether it would not be more poHtic in a oountiy so KaUe to severe 
drought, to adjust remissions according to the following scale : — 





ClaMofviHafQ^ 


DtaUXB PUB OBHT. OrSXTItltA. 


^ 


In moderate ' 
droaght 


In great 
droaght. 


Inextram* 
dnraght. 


Kachar . 
First 

Second . 
Third . 




84 
80 
70 


50 

50 

' 36 


22 

18 

12 

7 



" A total suspension of rain should be followed by a total suspension of demand.' 
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Further^ in the Settlement Report of Jbansie— « 

** The settlement during the last three or fonr years (previous to 1871), tliougli a fairly light 
one, has been severely tried, owing to failure of rain and flight of cnltivators." 

In urging the necessity for a light assessment the Commissioner of Jhansie writes :— 

*^ The calamity of drought may be truly said to be of by no means uncommon occurrence. It 
has been stated by a very high authority (Sir W. Muir) in regard to the neighbouring District of 
Humeerpoor, that one out of every four or five years is certain to be more or less of a failure, and 
the remark is, I believe, quite applicable to the Jhansie District. The rains are sometimes remark- 
ably partial ; and while one portion of a pei^gnnnah may be flourishing well, another may be suffer- 
ing from a failure of rain, and as a consequence &om a failure of crops. The importance of irri- 
gation works in this part of the country cannot be over-estimated." 

The statistics regarding the actual remissions and suspensions of balances for the earlier 
famines^ are too meagre to admit of a complete statement being drawn up : and in many cases 
the returns for Bundelkhund are mixed up with those for other districts. 

From Mr. Girdlestone's Report the following figures are taken :-— 

Beminion of revenae. 
R 

1812.13 11,105 

1813-14 3,604. 

1814-15 3,448 

Stupended balances. 
R 

1818-19 .... 65,231 6,435 

1819-20 .... 31,428 15,069 

In 1820, the revenue fell off by 74,095 

For years the suspended balances were increasing, and in 1836-37 . • 4,53,386 
were remitted in Banda alone — 

1837-38 3,94,777 

were remitted in Humeerpoor. 8,87,724 

For the famine of 1860-61 the Bundelkhund statistics are not separated. These figures 
show a direct loss in remission of revenue of nearly nine lakhs^ independent of the falling off 
in its amount and of other evil results^ and the probability is that the amount is far short of 
the real loss. 

In the famine of 1868-69 the balances of revenue uncollected at the close of the year 

were :— 

R Per cent. 

Jaloun 2,57,256 29*4 

Jhansie 1,90,347 390 

Banda 48,412 3'6 

Humeerpoor 73,083 6*7 

Total . 5,69,098 

Of this amount^ about fil^05,168 was actually remitted, and the remainder held over to be 
recovered by instalments. 

The following statement shows the remissions of Land Revenue made in Bundelkhund in 
each of the last 12 years :— 

Beturn qfremimons of Revenue in Bundelkhund compiled from the Board* e Adminisiration 

Reports, 



Tear. 


Jalovx. 


Jhahbib. 


LULLTTTPOBB. 


Bahsa. 


HOXIBBPOOB. 




Bemitted. 


Bemitted. 


Bemitted. 


Bemitted. 


Bemitted. 


5 maaihs of 1860 . 
1860-61 . 
1861.62. 
1862-63. 
1863-64. 
1864-65 . 
1865-66 . 
1866-67. 
1867-68. 
1868-69 . 
1869-70 . 
1870-71 . 
1871-72. 


3,770 

1,94,034 

1,92,102 

2,275 

2,56,190 

19,149 

2,816 

61,474 

2,900 

1,832 

69,173 

473 

318 


...... 

76,398 

60,521 

1,77,631 

11,817 

8,535 

4,921 

'"2,324 
*23,'659 


.....a 

66,701 
68,251 
15,187 

'"9,266 

'35**662 

1,81.688 

1,81,714 

62,680 

79 

3,663 


6,53,388 

1,01,389 

68,602 

868 

418 

8,102 

4,218 

781 

...... 

••. ... 

*42,*731 
3 


2,128 

18,492 

6,58,793 

21,773 

229 

96,494 

13,814 

10,864 

1,139 

229 

443 

24 

2,695 




7,96,606 


3,55,806 


6,14,160 


8,70,600 


7,27,017 



Kl 
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Grand Total B8S,63^989^ or more than thirty-three and a half lakhs. 

These figures include total remissions of Land Revenue for all causes. A lar^ amount is 
due to revisions and reductions of assessment^ some is due to the mutiny^ to hail^ and other 
causes^ the balance is on account of famines. The details cannot now be separated without 
ruinous loss of time ; but as the revision of the assessment would in all probability never have 
been necessary had not the ravages of famine deprived the country from time to time of large 
proportions of its cultivating powers in the shape of both men and bullocks, it may be assumed 
that by far the greater proportion of this severe loss is due directly or indirectly to famine. 

III. — Under the third head, " amount disbursed by Government in the relief of distress/' 
the records are very imperfect. The following are taken from the famine reports :— - 





Labour reW . 


Charity. 


Tnccavee 
advance*. 


BnllockB and seed 
advance*. 


1833-34 .... 
1837-38 .... 
1868-69 . . Govermei 
Local Fnr 


4*6,694 
at r 27,662 
ids 12,01,364 


20,150 
1,677 
4,370 

83,331 


ft 

1,7'3,774 


R 

38*723 


Total 


2,75,720 


1,09,628 


1,73,774 


38,723 



or taking the last famine only, in which alone the account is in detail, B5,97,745 were 
expended in addition to remissions of revenue. Including the latter, the actual net loss at the 
time was BU, 66,848. These figures do not include the loss in Lullutpore, which district 
though not to be brought directly under canal irrigation, will still benefit by it indirectly. The 
loss in Lullutpore should therefore be brought into account. 

That loss in 1868 was as follows :— 

H 

Labour relief, local 10,910 

„ „ Government 2,09,578 

Charity, local 61,443 

Suspended revenue ••.•... 87,659 
or 59*8 per cent, of total demand 

Tuccavee 87,785 

Bullocks and seed 68,439 

5,25,814 

making a grand total expenditure in Bnndelkhund on account of that one famine of 
B 18,19,185, of which B4,28,457 were absolutely given away, the remainder being recoverable 
on easy terms by instalments, and this it should be remembered is in addition to the loss of 
life and property which cannot be estimated. 

W. H, QREATHED, Col,, R.E., 

Ciief Engineer of Irrigationy 
Norths WeaUrn Proviueei. 

Beport by James Haib, Esq., Superinfendent, Bnndelkhund Irrigation Worh. 

Irbigablb Arba. 

Thb country proposed to be irrigated is bounded l)y the Betwa, Pahooj, and Jumna rivers, 
and the line of latitude 25^ 42'80,^ where flow irrigation is possible. The accompanying 
index map shows accurately the boundary of the mar soil as obtained from a soil map prepared 
by Colonel Teman, the Deputy Commissioner of Jaloun, and published by the Board of 
Revenue. 

2. The country, excluding the low lands of the river, which do not require irrigation, has 
a total area of 1,492 square miles, of which 518*4'^ are barren, leaving a balance of 97358 to 
be irrigated. It would appear, however, from Captain Baggers report, and the opinions of the 
officers recorded in the appendices thereto, that no irrigation is required for the mar or black 
cotton soil which is included in this area, and occupies 85 per cent, of it. I think therefore 
that in estimating the amount of land for which irrigation is necessary the mar soil land should 
be excluded, when the balance requiring irrigation would become 632'88 square miles. The 
area to be irrigated is coloured green on the index map. 
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S. As the culturable land in a village is considered to be highly irrigated from a canal 
whan one*third of it receives water in a season^ the actual area requiring water will' become 
^=210-94 square miles, or 135,000 acres ; water will therefore be required for 135,000 acres ; 
but it will be seen from what follows that the supply of water carried by the canal will not be 
sufficient for such an area. 

4. From a careful study of the river discharges, the discharge of the canal has been fixed 
at 600 cubic feet per second. This 600 cubic feet per second would be the supply at the 
commencement of the irrigating season in the rubbee, but as it dwindles down to 300 cubic feet 
by the end of the irrigating season, which is about the end of January, I estimate that only 
450 cubic feet per second will yield revenue. 

5. No reason appears why we should not ultimately get as much duty out of a cubic foot 
of water in Bundelkhund during the rubbee as in other parts of the North- Western Provinces, 
seeing that the country proposed to be irrigated is very much like the Ganges- Jumna Doab. 

6. The average duty for four years obtained on the Ganges Canal for the rubbee, shown 
in Table N, page 19, in the Revenue Report for 187SJ-73 is 96Mi7. 

7. Table N in the same report gives the average duty obtained on the Eastern Jumna 
Canal for the rubbee for three years as HSS acres, and I think it will be fair to assume that 
we will ultimately get LOG acres on the Betwa Canal. 

8. With 450 cubic feet per second, we will therefore be able to irrigate 450 x 100, or 
45^000 acres. It will be observed that this area is only one-third of 135,000 acres, the total 
area calculated to require irrigation in the rubbee. 

9. In addition to the rubbee irrigation, Colonel Brownlow, in his note No. 0949I.C., dated 
12th April 1873, calculates on irrigating 21,000 acres of rice in the khureef . The revenue 
therefore will be as follows :— - 

B 

45,000 acres rubbee at S2 90,000 

21,000 „ khureef at „ 3 63,000 

Total water-rate . 1,53,000 
Enhancement of land revenue, 66,000 aci^ at Bl . . 66,000 

Miscellaneous revenue, 5 per cent, of water-rate . . 7,650 

Total . 2,26,650 

Deduct 25 per cent, on gross revenue for working expenses . 56,662 



Probable net revenue • 1,69,988 



10. It is not unlikely that in most years water could be supplied for a little cultivation 
of sugarcane and gardens, but no credit has been taken for this. 

Alignment of Canal and Distsibution op Supply. 

11. The main canal runs a very direct course from the head at Puzeedia to the village of 
Beo, on the parallel of latitude where flow irrigation will commence. 

Here it bifurcates into the Hamirpoor and Kootound branches. 

The Hamirpoor branch goes off to the right, and follows the watershed, which is on the ' 
high land bordering the Betwa river, and along which most of the land requiring irrigation 
lies. 

12. The Kootound branch goes off to the left in a north direction, and follows the water- 
shed on the high land bordering the Pahooj and Jumna rivers, along which line the land re- 
quiring irrigation also lies. There are therefore two main watersheds in the Doab, the great 
mar soil basin between the branches being drained by the nullahs shown in the map. 

13. The land requiring irrigation has a pretty uniform width along the branches, and I 
think, for purposes of design, I was justified in allotting so much water per mile. 

14. The boundaries of Native States are coloured yellow on the map, and so small a 
portion of the branch canals lies within them, that even supposing these States to be admitted 
to the same advantages as our own territory, the proportion of water due to them would be 
very trifling, and would not affect the designs. 

15. The map of country now submitted shows every drainage line, so that the best align- 
ment can be seen at a glance. The total length of distributaries is 220 miles. Where the 
lines of canal pass through the mar soil, the beds will be kept as near as possible at the depth 
of full supply below the surface of ground. 
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Masonrt Works ok Main Canal and Branches. 

16. There being no Davigation^ these works are very simple in character, and no engineer* 
ing difficulty is anticipated. It is probable that no well foundations will be required any- 
where. 1 he drainage syphons are of the same pattern as the Boriah nullah syphon on the 
Agra Canal. 

1 7. All the bridges on the branches have been provided with grooves, so that they may 
be used as regulators during a low supply in the canal. The position and description of each 
masonry work is shown on the map. 

Driving Boad. 

18. The road will be on the left bank. On the main canal, where there is deep digging, 
it may be inside the spoil bank^ but where the digging is not deep^ and on the branches^ it 
will be outside the bank on the surface of ground. 

The Weir. 

19. The line of weir is shown accurately on sheet No. 11. It follows the highest point 
of the rocky barrier which crops up in the bed of the Betwa a little below Pureecha. The 
whole of the weir, under-sluices^ head-sluices, and left flank walls will be founded on solid 
rockj but a portion of the right flank wing walls may not be on solid rock. The weir on the 
left flank meets the edge of the river at an acute angle, so if the head-sluices were to be placed 
at right angles to the under-sluices, they would be to a great extent out of reach of a good 
scour along their face, and they have accordingly been designed at an angle of 76^. 

20. The under-sluices have been increased from 4 bays of 6 feet, as in original design, to 
6 bays of 10 feet, which^ I think, will be ample, especially as the flooring is 2 feet below 
that of the bead-woiks. 

21. Cast-iron grooves have been provided in piers of head and under-sluices, but I would 
like to have an opportunity of seeing how those at Okla work before submitting designs for 
the gates aud lifting apparatus. A lump sum has, however, been allowed in the estimate to 
cover the cost. 

22. The design is in exact accordance with the rules for stabilily laid down by Weisbachs 
who is the only author I know of who writes on weirs of this description. No credit was 
taken, however, for any counterbalancing pressure on the down-stream side. I have estimated 
for taking up all the land within the afflux bund above the weir. 

Cost op Project and Estimated Return. 

28. It will be seen from the general abstract of estimates that the total cost of works 
including tools and plant and 5 per cent, for contingencies, is . B 18,45,423 

Add 25 per cent, for establishment, &c. . • • jj 4,61,856 



Total Qost, . „ 23,06,779 

The B23,06,779 will be gradually spent in three years, and supposing we spend 
H7,06,779 the 1st year, a8,00,000 the 2nd, and 118,00,000 the Srd year, the interest 
for the 1st year will be fi7,06,77& at 2i per cent., for the 2nd a7,06,779 at 5 per oent.-f 
8,00,000 at 2i per cent., and for the Srd year, B15,06,779 at 6 per cent. +8,00,000 at 2| 
per cent. 

24. Assuming, also, that irrigation will be fully developed in three years, and that the 
canal will pay 1 per cent, the Ist year, 2 per cent, the 2nd year, 3 per cent, the Srd year, 4 per 
cent, on £23,06,779 will be added to the capital for the 1st year, S per cent, for the2ndj 
and 2 for the Srd year. The total cost of the project will then be as follows :— 

Cost of works, tools and plant, contingencies, and cost of establish- B 

ment 23,06,779 

Interest for 1st year 17,669 

Ditto 2nd year 56,338 

Ditto 3rd year 95,338 

Ditto 4th year 92,271 

Ditto 5th year . , 71,971 

Ditto 6th year 49,420 

Total . 26,88,786 
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The probable net revenue was shown in page 7 to b6 Rs. 1^69^988^ so that the probable 
return will be 6*33 per cent. 

Matbrial* 

25. Eunkar is procurable all along the line of canal and its branches. Firewood is scarce 
and costly noi*th of the boundary of the Jhansie district, where nibble stone is also scarce. 
Rubble stone (quartz or granite) is to be had in any quantity in the Jhansie district and near 
the site of weir^ but the only good ashlar quarry 'within a reasonable distance from weir (43 
miles) is at Tapkin Mohal> in the Gwalior State. It is a very hard and durable red sandstone^ 
of fine grain, capable of being neatly dressed. It is the only ashlar used by the Department 
of Public Works in these parts. Clay for brickmaking will generally be found close to the 
libe of canal and its brancheSj where there is no mar soiL 

£SGA?BS. 

26. There will be two or three small escapes on each branch of the canal. They will be 
very simple and short, as the canal passes close to a number of nullahs. Their cost will be met 
from the allotment for minor rajbuhas. Their position will be best determined where the 
lajbuhas have been lined out. 

ApPEin)ICE8. 

27. Appendix page 12 A. shows the time for sowing and reaping the various crops in the 
district through which the canal passes. 

28. Appendices 25A. give the calculations for flood discharges through the two large 
drainage syphons at mile 16-4 on the main canal, and at mile 39-2 on the Hameerpoor branch, 

29. I do not consider that the two inlets for which a design is given in sheet No. 16 will 
be found necessary, but they have been estimated for. 

SO. In conclusion, it will be seen from the Appendices^ page 16A. and page 6A. et iteq, 
thnt material for the weir is to be had at a convenient distance, and Mr. Whitens opinion, whose 
district will most benefit, is entirely in accordance with mine. 

JAMES HAIR, 
Superintendent of Worhe, Bundelkhund. 



OPINIONS OP REVENUE OFFICERS. 

From J. HaiBi Esq^ Soperintendent, Irrigation Works^ Bandelkhnnd, to A« B. Pollock^ Es^.^ Gommissioner 
Jhansie Division, dated Jhansie, the 18th Jan«, 1874. 

I WAS sorry I could not see you yesterday, as I wished to show you the enclosed ooitespond, 
ence about the Betwa Canal, which is the latest out« Will you kindly read it over and make 
any remarks you see fit which I can quote in my report? There are a few points which it may 
be necessary for me to explain to you, as I am still feeling too ill to call upon you. 

i«^— We do not in the present scheme contemplate khoreef cultivation, except to a very 
small extent : to wit, 21,000 acres of rice. 

2nd, — ^The total area which can be irrigated by the Betwa Canal, hA shown on the accom- 
panying index map, and coloured green, is 66,000 acres, whereas the area which can be irri- 
gated theoretically by the whole of the lakes in the Jhansie district is only 17,184. Tou may 
dius imagine what an extent of lakes, as proposed by the Secretary of State, would be required 
to do the same duty as the canal from a small perennial supply in the river. Besides, as you 
know, there are few sites for lakes remaining, and even if they could be found, which I doubt 
the expense of carrying water from them to the far end of the Jaloun district would far exceed 
the cost of the Betwa Canal. The mar soil is coloured sepia on the map, and was taken from 
Colonel Teman's map. 

Please return the map and encbsure. 



Krom Commissioner, Jhaasie Division, to Superintendent, Irrigation Works, Bandelkhond, dated Jhansie, the 

19th June 1874. 

I AM much obliged to you for sending me the papers connected with the canal project. 
I will send you a letter on the points noticed by you and the Secretary of State in a day or 
two, when I receive it from the Deputy Commissioner. 
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Other information I have called for ; the thing has heen left out of sight. They refer to 
years of drought — that is, years when the rain is shown to be considerably less than in ordi- 
nary years. But they do not allude to those seasons when the rains may have been plentiful 
but owing to the rains ceasing altogether in September, the khureef crop, which otherwise would 
have been flourishing, turns out a miserable failure. This happened in 1872, and I expect I 
s'lall be able to show that owing to uneven rains in several years crops have failed which 
would otherwise, with a steady water-supply, have been good. The argument that the river 
would not supply sufficient water to serve the canal in years of drought is absolutely a strong 
one at first sight, but if the canal answers its purpose in nine seasons of short rain, and fails 
completely in one year of absolute drought, the work will be well worth the expenditure. 

The idea of building large lakes at intervals along the course of the canal is a grand one, 
but utterly impracticable. Between this and the Jumna you must have your lakes of consider- 
able depth to store water in, throughout the hot weather, and a dry bottom, and without hills 
you cannot get such lakes I fancy. 



From CominisBioner, Jbansie Divi8ion,*to Saperintendent, Irrigation Worke, Bandelkband, dated Jhansie th« 

22od Jane 1874. 

CoLONBL Davidson has returned me the canal papers which I received from you, with a 
memorandum showing the rain from 1S59 to 1872, and the harvest results therefrom. From 
this memorandum it is apparent that in 1869-60, 186S, 1864, 1868 and 1872 the rains ceased 
early and caused loss to the khureef crop, and that if those crops had had canal water to fall 
back upon they would have been saved. Tbe rainfalls for those years were — 1859, 32*8; 
186 >, 25*1 ; 1863, 46*9 ; 1864, 20*6 ; 1868, 12*8 ; and 1872, 82'5, which would have sufficed 
to fill your reservoir, I dare say. But as you only propose to g^ve water to fifteen villages in 
Jhansie, we must look to White for argument, and I will therefore take the papers and map to 
Orai with me to-day and put them before the district officers, and see what they have to say. 



From Depaty Commisaioner, Jhansie Dinnon« to Commissioner, Jbansie Division, dated the 82nd Jnne 1874. 

I i^BTURN you the papers about the Betwa Canal received with yours of the 17th, with a 
memorandum showing the amount of rainfall in each year and month from 1859 to 1872, and 
also a memorandum about the failure of crops of late years. It appears to me, after giving 
the subject my best consideration, that, as regards the Jhansie district, it would be an utter 
fallacy to suppose that the canal would prove any " real security against famine.'^ Of what 
benefit it would prove to the Jaloun district I donH know, not having the detail of the esti- 
mated irrigable area of 66,000 acres ; but, as far as I am aware, the Jaloun district is not really 
in need of any such costly scheme, the benefits of which would necessarily be extremely 
partial. 

But to go back to this district. Mr. Dubus tells me that some sixteen villages in Mote 
pergunnah would get water from the canal. Therefore nearly all that pergunnah and the whole 
of pergunnahs Mhow and Oarotha would not benefit at all. Mr. Hair says the scheme only con- 
templates khureef cultivation to a very small extent. In a year of drought, therefore, the 
people being dependent on the khureef for their food, would, as far as the canal is concerned, 
starve before deriving any benefit from it. Large expensive lakes would be equally useless, 
except in their immediate neighbourhood. 

Something might be done to utilize the rain water, and I cannot help thinking that the 
most practicable scheme in every point of view would be the formation of numerous low 
earthen bunds. In ordinary years the water would be drained off, and the beds would grow 
excellent rubbee ; in years of drought, whatever rain fell (and even in 1868 there were 12 inches) 
would render the soil fit to bear a khureef crop. This is the general plan in some villages, and 
it answers well. A lakh of rupees might perhaps be profitably spent in this way. The people 
!ir€ too poor to carry cut such works themselves, but perhaps they would pay at irrigated rates 
for all such lands. 

P. 8, — The maps Tsf erred ic by Mr. Hair were not sent by you. Regarding the small 
shallow tanks in the Bhander villages, let me refer you to section 74 of Jenkinson's Settle- 
ment Report, page 71. 
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of Bain/all, 


JSih Jhanne. 




lUinuu Is nrona. 


i 




TMn. 








^ 




BlMlBIB. 




1 


i 


\ 


1 


1 


1 




1868, 




• •• 


••• 




• •• 






1859, 




6-6 


6-2 


17-4 


8-4 


•8 


32-8 


Loas of khueef • 


1860, 




4-8 


8*2 


11' 


11 


••• 


261 


Ditto. 


1861, 




16 


16-2 


6-7 


6-2 


••• 


431 


Good khnreef. 


1862, 




2- 


9-6 


6-8 


6-9 


•6 


26-9 


SIhoreef failure from worms. 


1868, 




6-3 


30-5 


9- 


2-1 


•*•• 


46*9 


Loas of khoreef. 


1864. 




•6 


6-3 


10-1 


87 


••• 


20-6 


Ditto. 


1866, 




8-3 


9-4 


16-3 


9- 




37- 


Oood khareef. 


1866, 




ID- 


8.8 


8'f 


1-6 


... 


28-8 


Good. 


1867, 




S' 


16-7 


116 


6-4 


2-3 


43*9 


Too mnoh rain. 


1868, 




1*8 


8-2 


•2 


21 


... 


123 


Total failare of khureet 


1869. 




• •• 


30-1 


7-9 


9-8 


3-6 


60-9 


Exoellent 


1870, 




61 


81 


10-1 


6-6 


•2 


30-1 


Ditto. 


1871, 




6-8 


12*2 


16-9 


61 




41. 


Too mnoh rain. 


1873, 




8-8 


12-1 


148 


1-8 


••• 


22*5 


Poor khnreef. 



Memorandum ehowing the Hate of crops since 1858-69 to 1878'73. 



Tmis. 



1858-69, 
1869-60, 
1860.61, 
1861.62, 
1862-63, 
1863-64, 
1864-66, 
1866-66, 
1866-67, 
1867-68, 
1868-69, 
1869-70, 
1870-71, 
1871-72, 
1872-73, 



Both crops good. 

Ehureef partial failare first by heavy fall of rain, and second by drought. 

Khareef partially failed in pergannahs Earara and Pachor on aooonnt of dronghi. 

Both ctons good. 

Khnreef oelow average on aooonnt of maggots. 

In Gkrotha and Mote khnreef saffered from want of rain. 

Partial failare of khareef on aooonnt of want of rain in Angnst and September. 

Khareef good ; partial failare of rnbbee from blight. 

Both crops good. 

Partial failare of rabbee and khnreef : the latter from excessive rain. 

Total failnre of khnreef over great part of the district ; rnbbee very poor. 

Both crops above average. 

Ditto ditto. 
Khnreef below half the average, owing tolezcessive rain ; rnbbee below ayerage. 
Partial &ulnre of both crops &om too early cessation of the rains. 



NOTB BT SSTTLBMBNT OVFIOBB, JaIOUN. 

Belwa Cufia/.— The Secretary of State's despatch of 23rd April last^ paragraph 2, noting 
that the Betwa Canal project is said to be intended mainly as a safeguard against famine 
in exceptionally bad jears, doubts if in such years of scanty rainfall there would be rain 
enough to fill the canal. But local drought, the evil to be conquered, would not disable the 
canaL The Betwa rises in latitude 23^ 14% longitude 77^ 22% about two miles south of a 
large lake near the town of Bhopal, and runs a course of 360 miles before its junction with the 
Jumna at Hameerpoor, adjoining our district ; about half of this total length is outside the 
province of Bundelkhuud. In all the extensive tract ot country simultaneous drought is 
extremely improbable. For all but the most extraordinary calamity, thereforci the Betwa 
for us is likely to be filled with the periodical rains, and the canal to serve its purpose of 
saving our produce even in seasons that locally may be exceptionally bad. 

X. Again^ as regards the local rainfall, our un£avourable seasons are oft times owing to a 
great burst of the monsoons in the begintiing, and then either an unduly long dry interval, or an 
unequal distribution -of the remaining rains. The canal would be at hand to prevent the loss 
of crop, and the consequent hardship to the agriculturist more frequently occurring through 
these common causes. 

3. Another signal benefit that must accrue from the canal is the absolute security it will 
give to the sowing of the rnbbee. In the great majority of cases our bad rubbee harvests are 
due to tie failure oj tie latter rains. The rainfall may show no deficiency in the tally of inches 
usually denoting a full supply ; yet it may be that the September and October showers have 
been entirely absent or quite insuflScient, and if so, the rubbee is jeopardized. Mar might yield 
some kind of a crop notwithstanding, but the kabar soil, which is nearly 30 per cent, of the 
whole cultivated area» remains untilled and barren for the season, and is only gradually taken 
up again. This not uncommon source of danger would be completely nullified by the canal, 
which must always be brimful of water in those months. 

L 
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4. Then as to good years^ when it is thought that the canal water will ran to waste with- 
out any call for it during the khureef ; this assumes that the present system of agriculture will 
make no improvement^ that the juar and bajra millets^ which form the food of the poorer 
classes, and which never will be ordinarily irrigated, will continue the staples of the khureef, 
together with cotton. I altogether differ from this view. Let water but pass the doors of 
the people and the irrigable khureef staples, rice, sugarcane, and perhaps indigo (cotton we 
already have), will speedily come into vogue i they are not now grown simply because it is 
impossible to grow them without water. Within the last few years subsequent to the settle- 
ment, whenever kucha wells could be jeconomically dug they have been constructed, and the 
sugarcane crop introduced. Although, therefore, the present scheme is said not to contemplate 
khureef cultivation to any extent, the strong probabilities are that, before long, the force of 
circumstances, induced by the operation of the most liatural motives, will invest it chiefly 
with the character of a khureef canal, and its utility in the rubbee in almost all years is indis- 
putable. 

5. Paragraphs 8 and 4 of despatch refer to engineering questions. But as it is said that 
the canal, as at present devised, xi^ill only control the irrigation of 66,000 acres, and this 
district on the lines of the canal and its channels can easily find double that quantity of irri- 
gable land, the expedient of storage reservoirs on the affluents of the Betwa would supply ^tlie 
means of increasing the power of the canal to an important degree. As to a system of gorge 
tanks or reservoirs, this district does not possess the physical facilities for it. 

6. It is venturesome to say so without data, but my belief is that the return from the 
canal, when once it is fully developed, has been much too cautiously calculated. 

7. In every view we sadly want the canal. In the words of Government — " it will, if 
completed according to its present design, cause an improvement hardly at present to be ima- 
gined, and make th6 wilderness to blossom as a rose. '' 

Orai, the 30th June, 1874. 

• 
From the CommisBioner, Jhansie Division, to the Superintendent, Irrigation Works, Bandelkhand, dated 

Jhansie, the 7th July, 1874 

I KBTUBN you the correspondence you sent me on the Betwa Canal project with many 
thanks. 

I have had no leisure to think of it, even much less to write about it, and moreover the 
information at my disposal is so meagre, that I really have no grounds on which to base an 
opinion as to the probability of the area which will benefit by the can^l water being in excess 
of what has been estimated* 

The two questions are^t-will the canal always have a suffidiency of water in years of 
droiight ? and will the project be ju3tifie<jl by the results, direct and indirect ? You cannot 
reply to the former questioQ. without having data gathered from the results of 20 or 25 rainy 
. seasons, and that we do not possess. There as no record, that I am aware of, showing the 
volume of' water, in. the river in. any tiopi^cin any year of drought ; nor can wei gather infor- 
mation from' any reliable sourpe as to the rainfall betweea Jhansie and the place where the 
Betwa rises for a series of yeai:s, and therefore, as far as I can see, we can ovDlj conjecture 
whether there will or will not be, a sufficient supply of water in the canal in a year of drought 
to ensure a khureef crop to thei y Ulages within reach. . . 

As to the beneficial results of the canal, supposing water always to be proeurable there, 
they will be next to none in the Jhansis district, and I leave- Jaloun to speak for itself through 
its Settlement Officer, Mr. P. White, wh6se memo. I. enclose. 

The only decided opinion that I have formed on the subject is, that if you can^ ensure 
a supply of water in all years, the canal will be most valuable to Jaloun; but if in years of 
drought water fails, the project had better be abandoned. 



Docket from the Superintendent, Irrigation Works, Bnndelkhnnd, to the Deputy Commissioner, Jhansie Division, 

No. 638, dated Jhansie, the 7th July, 1874. 
Has the honour to enquire whether any information can be obtained in his office of the 
rainfall at Jhansie for the months of July, August^ and September of the years 18S0, 1834, 
and 1888. .. -• - 

From the Deputy Commissioner, Jhansie Division, to the Superintendent, Irrigation Works, Bundelkhund, No. 

172, dated Jhansie, the 7th July, 1874. 
In keply to his docket No. 588 of to-day's date, has the honour to state that no ^Buch in- 
formation as the above is procurable for this district. 
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COllREJSPONDENCE ABOUT RAINFALL, 



From the Reporter on Meteorology, North-Weetem Provinoes, to the Joint Secretary to ObTemmenty North 
Western Provinces, P. W. D., Irrigation Branch,— No. 199, dated Roorkee, the 29th June 1874. 

Ik bsply to No. C.6S7W. of the 20th ingtantj I have the honour to state that there are 
no records of any rainfalk in this office previous to the year 1863 ; bat with a view of answer- 
ingj if I conld> the qaestions pat> I have consulted all the records of Government of the North- 
western Provinces which are to be found in the library of the Thomason College, but I can 
find none going so tax back as the years in question. I have also consulted Mr. Oivdlestone's 
report on " Past Famines " in the North-Westem Provinces, and although he mentions the 
occurrence of famines in Bundelkhund in 1S84 and 1838, yet he does not quote any measured 
rainfalls. Mr. Oiidlestone alludes frequently to the reports of Mr. (Collector) Rose on the 
state of the crops in these years in Bundelkhund ; if access to these can be had, possibly the 
inf ormatbn wanted may be obtained, but beyond this, and a reference to the records of the 
Revenue Board, I regret my inability to suggest anything further. 



From the Deputy Conunissioner, Sagar, to the Assistant Secretary to Government, North-Westem Provinces, 
P. W. D., Irrigation Branch,— No. 2109, dated the 7th July 1874. 

I HAVE the honour to acknowledge the receipt of your letter No. 76 7A. of the 24th 
ultimo, and in reply beg to enclose herewith a statement showing the rain&ll in Sagar during 
the monsoon months of 1868. 

i. I regret, however, that I cannot report whether the rainfall in 1834 or 1838 has been 
more or less than that of 1868, as no papers are forthcoming from which the information can 
be obtained. It appears that no statistics used to be kept up at that time. 



From the First Assistant Agent to the Qovemor-Genend for Central India, to the Joint Seeretazy to* Govern- 
ment, North-Westem Province, P. W. D., Irrigation Branch,— No. 1101, dated the 18th July 1874. 

I HAVE the honour, by desire of the Agent, Governor-General for Central India, in reply 
to your No. C.557W. of 26th ultimo, to forward a statement of rainfall at Indore for the 
seasons of 1860 and 1868, 

There are no records extant of the rainfall of 1830-84-88. 



From the Under^toetary to Government of Bomhay, Irrigation Branch, to the Joint Secretary to Government, 
North-Westem Provinoes, P. W. D., Irrigation Branch,— No. 2921., dated Bomhay Castle^ the 27th 
Jnly 1874. 

Ik sbplt to your letter No. C.684W., dated 2Qtth ultimo, I am directed to forward here- 
with a statement prepared by the Sanitary j^mmissioner showing the rainfall in the Eonkan 
and Deccan, and one station within the Gh&ts, Matheran, for the year 1868. 

2» I am to express regret at being unable to furnish you with any information' for the 
years 1830, 1834, and 1838. Every enquiry has been made> but no trace of the records can 
be found. 
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Statement of Distribution of water and Dimennans of Ckanneh, 
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KoTB.— Bailn'f ooelllolents for obtaining metn Tdodtj htTO been oied. 



Afflux due to propelled weir across tie Betwa at Pureecha. 
Adopting the formula given by Neyille— 
D=cV"2id;(d.+id,) 
When D is discharge 

. o a oo-efficient of velocity. 
1 is length of weir. 
2g the force of gravity, 
d^ height of afflux. 
d, submerged depth, or depth of water above sill of weir. 

And taking for c the value 0*625 — 

an afflux of 6*5 feet will give at the Pureecha weir a discharge x. 
x=0*625 X 2,400 ^^§54x6^(20 +1 x 6-5) 

= 1,500 X 2,049 xV 

=500x 20-49 X 73=748,005 cubic feet 

which is nearly the estimated disohage of Mr. Anderson. Lieutenant Home's discharge is 
715^000 cubic feet. Further experiments during the next rains will verify these results. 

NosB. — In aooordanoe with Colonel Brownlow*! pencil note the veloeitv of approach was taken into accoant, but 
as it mada no appreciable diiEerenoe in the height of afSux it haa been omitted.— J. Haul 



GENERAL SPECIFICATION. 
WBitt AND Head- WORKS. 

The weir itself will be of rubble masonry^ coursed on both faces. The coping of weir 
will be of ashlar as shown in the section. 

2. The steps leading from both flanks down to weir will be of ashlar three feet on bed^ 
of the same thickness as the steps, as shown in the sketch. 
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The piers and abutments of head-works and under-sloices will be of solid ashlar to a 
height of 10 feet from bed. The grooved portions of the piers will also be of ashlar^ and 
so will the arches and floorings. The grooves will be lined with cast-iron to a height of 
20 feet from bed. The parapet will be of first-class brickwork, and all the other parts of the 
work will be of rabble masonry coursed on both faces. 

8. Both faces of weir and spandrils of head and under-sluices to be pointed with Portland 
cement in the proportion of one of cement to one of sand, after the rubble joints have been 
raked out to a depth of two inches and the face well wetted. The ashlar coping of weir will 
be set in Portland cement. For the foundations of weir the rock will be blasted i^way to the 
level shown in the longitudinal section on sheet No. 11, and the whole brought to level surfaces 
with chisels or picks. 

4. The work will first be commenced on the lowest portion of the bed, and there wil^ 
be no difficulty in diverting the stream with earthen bunds until the work is six or seven 
feet high. It must then pass over the portion of the weir already built, and to enable the 
work to proceed until the weir is two or three feet above level flooring of under-sluices, the 
following mode of construction must be adopted :— 




The shaded portion ab eon sketch shows the work completed to a height of six or seven 
feet. The next six feet in height will be built as shown in sketch by the dotted area, leaving 
the gap d e for the water to pass. Small temporary piers about six feet long being built on 
the up-stream side of the gap to receive sleepers. By the time the work has reached the level 
#y, the whole of the supply, assuming it three feet deep, will be able to pass through the new 
gap fg. The sleepers will tlien be dropped into the piers in gap d e, and the work brought 
up to the level ^y. This process will be repeated until the whole of the supply in the river 
can pass through the under-sluices. 

5. Before the end of each working season the masonry of weir must be brought to a 
uniform level and pointed on upper surface with Portland cement, and to prevent a running 
joint through the weir, this surface, before commencing work the next season, must have two 
or three longitudinal channels cut iikit five feet wide and one foot deep. 

0. The stone from excavation of foundations for weir and head-work will become the 
property of Government. 

7. All the work on the canal will be executed according to the following specifications : — 

Earthwork. 

8. Before work is commenced the ground must be cleared of all jungle, roots, and trees. 
The cuttings and embankments to be made according to the profiles and levels given on sheets 
i to 7, and no work will be commenced until profiles of the banks, 10 feet wide at each 1,000 
feet in length of the canal have been made. Spoil banks need not be rammed, but must be 
dressed to the proper profile ; all other banks will be built in 9-inch layers, slightly concave in 
the centre ; each layer to be well rammed before another is laid on it. No mar soil will be 
allowed in any bank that has to retain water. 

Mortar. 

9. All mortar will be of good wood-burnt kankar lime only, with no admixture of surkhi, 
sand, or bajri : to be well ground first dry, and then wet in mortar pans at the head-works, 
and in the common native mortar mill at the other works. 
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10. To be of the mortar described under that head, and broken stones or hard-burnt 
brokeii bricks in the proportion oi one of mortar io two of stones and broken bricks, | inch 
gauge. ^6 be well ranmied in 6-inch layers, and to be kept wet until the full thickness of the 
bed is completed. 

ftEICKWORK. 

11. The bricks to be hard-burnt, of the best clay procurable within a reasonable distance, 
and to be sand-moulded on tables. They must be of uniform size, well shaped and square, 
with sharp and regular arrises, and they must ring clearly when struck ; when burnt to measure 
10'x4|x2i'. 

Beport on ihe stone and kanhar quarries and earth suitable for hrich^making in the vicinity of 

the head-worls of proposed Betwa Canal. 

Stonb. 

An unlimited quantity is procurable from the Pnreecha* and Golara* hiUs, which are 
situated at an average distance of about one mile from the head-works* It is estimated 
that these hills will together yield about 5,000,000 of cubic feet of excellent stone, the 
greater part of which is stratified and easily spUt or chipped into blocks of convenient size 
and shape for coursed rubble masonry. The rock is gneissoid, a kind of igneous g^nite, 
is very hard, and evidently possess in the highest degree the valuable property of resisting the 
action of water. This was easily ascertained by examining that portion of tiie Pureecha dyke 
t^hich abuts on the river. The water has, of course, been flowing over these rocks for count- 
less ages : yet they exhibit no sign whatever of disintegration, and very Kttle even of erosion. 
There remains no doubt whatever that the supply of stone is unlimited, and that it is of a 
kind remarkably suited for hydrauUc works. 

Eanxak. 

Mr. Mackinnon having been directed to finish his work in four days, had not time to 
make any exacavation for the purpose of discovering new kankar beds. But he examined and 
measured three very extensive and well-known beds. The first of these is sijtuated at the 
site of the proposed w^ir itself. But, unfortunately, the lime appears to be of very inferior 
quality, as frequently is the case in quarries on the banks of large rivers. Mr. Mackinnon's 
estimate of the quality of this kankar is confirmed by the fact that it is never used by the 
villagers, who procure the limited quantity they require at a greater distance. 

The other two beds are situated at the villages of Jij jora and Upara. The Jijjora bed (in 
Urcha State) is bisected by the Bhabar at about a mile from the mouth of that nala, and is 
about nine miles south*west of the weir site. The kankar is carted into Jhansie in large quanl 
tities, and this would lead to the opinion that the quality is good. It has all the appearance of 
hydraulic lime. The yield will probably be about 2,000,000 of cubic feet ; according to surface 
measurements the quantity is about 4,000,000 cubic feet. Half this quantity is taken for 
safety. 

The Upara bed is about the same distance from Pureecha, but in the opposite direction, 
north-east It is about three miles south of Chirganw, and lies between the villages of Upara 
and Ghusgowan. The kankar is extensively used by the villagers for well building, and the 
^'' steenings'' appear to last for upwards of a hundred years, a tolerably safe' te^t of 'the hydraa. 
lie properties of the Ume. It is not easy to estimate with precision the quanity of kankar in a 
bed upwards of a mile long, and of variable or unascertained depth and breadth. But the yield 
may safely be put down at 40,000,000 cubic feet. Although this bed is not nearer to the pro- 
posed head-works ' than that at ' Jij jora,' it is nearer to the general line of canal, and for this 
reason, besides the f a($t thilt the supply is aotioally unlimited (of hydraulic lime), is far preferable 
as a field fot permanent works. 

These ai^e the only 'beds' large enough to require special description, but there is a small 
bed near the village of Ehond about half a mile from the head-works; but, likb all riparian beds; 
the kankar appears to Mr. Mackinnon to be very iiiferior. 

It is probable also that small beds might be found by making a few trial pits along the 
foot of the Golaid hill, but Mr. Mackinnon's time being limited to four days, no such excava- 
tion could be milder. 

The fact, however, is established that there is an enormous supply of excellent kankar 
within a reasonable distance of the head-works. 
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Ea&TH VQB BRICK-l£AKINa. 

The following experiment was made for the purpose of determining the quality of the bricks 
made by the villagers at Pareechha '.—Fourteen bricks were taken from the breast of a fresh- 
burnt "pazawa" and weighed when dry : the weight was SSiffi. After being soaked in water 
for IS hours the weight of the bricks had increased to SlVb., giving a rate of absorption of 5 
per cent., which is by no means large. In fracture the brickii had a dark-red appearance } they 
had a metallic '' ring " when struck^ and were too hard for tl^^ fingevpnail to make any impres- 
sion upon them. Any earth of the kankar species is used by the burners. The supf^- of this 
earth is quite unlimited. 

12. First-class brickwork will consist of first-class bricks laid in mortar as described. Every 
brick to be bedded and drawn up in mortar, to be laid in English bond, and no half or other 
portion of a brick to be used, except as a closer. No joint to be more than f ths of an inch in 
thickness. All bricks to be well saturated with water before being put into the work. All mortar 
must be used fresh in the work, and not more ground wet at a time than can be> n^ within 24 
hours. Kucha-pucka brickwork will be of pila bricks in mud, bonded the same as pucka brick- 
work, no joint being more than half an inch thick. 

BOBBLB MaSONBY. 

13. Bubble masonry to be in courses not more than one foot high, each course to be pro- 
perly levelled before another is laid on it. No stone to be less than ith of a cubic foot, the inter- 
stices being fiUjsd in with smaller stones. Every stone must be laid on its natural bed. and 
pioperly bedded in mortar. The plan of laying the stones dry and then grouting them will not 
be piennitted. 

14u The coursed rubble on the facea of walls to be in counea^not less than 6 inchea^ deep, 
and no stone to be less than 9 inches long and 8 inches broad on the bed^ and to be properly 
squared with the hammer. Headers may be the height of two courses of stretchers, but not 
more. No header to be less than 2 feet long. One-fourth of the length of the poufse to be 

headers. . „. 

AsHUB Work. 

15. Ashlar will consist of hard sandstone from Gwalior siet in Portland cement; no stone 
to be less than S feet long, and no course to be less than 7 inches high. No hollow beds will 
be allowed, and no joint to be wider than {ths of an inch. All ashlar will be laid in mortar 
which has been passed in a dry state through a screen 40 meshes to the inch. The ashlar coping 
of weir to be 18 inches deep,^ and no stone to be less than 4 feet 6 inches long and 1 foot 3 
inches wide. 

le. The other works, such as mud plaster, pucka plaster, tiler's work, &c., will be as 
specified in the sanctioned Public Works Department specifications for Haidarabad. 



Carriage of Materials to PareeeAa. 

The material to be carried is as follows :— 

Bubble stone, 1,159,200 cubic feet, an average distance of one mile. 
Stone (ashlar), 121,200 cubic feet, a distance of 43 miles. 
Kankar for lime, 648,600 cubic feet, a mean di^ta^ce of 12 miles. 

BuBBLB Stonb. 

The rubble stone will be had so close to the weir that there will be no difficulty in carr3dng 
400. 000 cubic feet per annum. This work will be niost economically carried out by a tramway 
tojibe ]»nge of hills above the weir, say li mile. 

AsHLAE Stohb. 

The carts for the ashlar stone must be able to carry 17 maunds, and it may be necessary 
to get them from Agra or the other side of the Jumna. To be on the safe side, it is assumed 
that each cart will carry 12 maunds. 

' The total weight of ashlar to be conveyed is 1 21,200 cubic feet x 1401b =212,100 maunds, 
or 70 700 maunds per annum^ It is assumed that each cart will make the trip to the q.u§|rry 
aiiid l»ck in 8 days, or 37 trips in the working season of 800 days. 37 x 12=444 maunds== 
amount of work done by each cart in the year, Mid 70,700-4-444=160, the number of carts 
required. 

^ Hi 
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Eankab fob Limb. 

Taking the weight of kankar at one maund per cubic footy 548^600 maunds will have to 
be caxried a distance of 12 miles in three yeaiSi or 181,200 maunds will have to be carried 1% 
miles in one year. 

Assuming that the district carts will carry 10 maunds and do the journey to and fro in 
two days, the amount of work performed by each cart during the working season will be 
5M X 10=1,500 maunds, and *4,VH^=121* *^® number of carts required. 

Altogether 160 x 121 or 281, say 800 carts will be required, and there will be no difficulty 
in obtaining this number, as Mr. Sturt, Assistant Commissioner, says he has had a heavier 
demand on the district before. 



Memorandum by Clinton Andbbson, Esq., Superintending Engineer , on the ej^etem to be adopted 
in delivering material during tie construction of the Pareecha weir and head-woris. 



1. Thx quantities in the weir and subeidiary works are- 








Bubble. 


A«hUr. 


Briokwork, 


ntehing. 


BlaaUng. , 


Weir 

Head^loices . . . 
Under-slmces .... 

Kight flank 

Bunds . 


524,747 

241,029 

46,260 

154,320 


78,436 
16,950 
26,842 

••• 


• •• 

2,327 
1,406 

• •• 


'9,870 

• •• 

138,600 


94,434 
14,706 
3,510 
9,000' 




966,356 


121,228 


3,732 


148,470 


121,649 



The total quantity of material to be carried to the weir and subsidiary works is there^ 

fore — 

Cubic feet. 

Bubble stone 966,000x1*2 = 1,159,200 

Ashlar 121,200 

Brickwork 3,700 

Pitching . ' . , 148,600 . 

Lime (966,000 +121,200)^= 543,600 



Total 



1,976,200 



If the works are to be completed in three years the material to be carried in one year 

will be— 

1,976,200-5-3=658,700 cubic feet 

The distance from the quarries, ashlar-yard, and lime-yard is about 1*5 miles. Allowing 
four trips daily for each truck, which is equal to a run of 12 miles, taking the working season 
at 200 days (15th October to 15th June), and the quantity carried by each truck at SO cubic 
feet, the number of trucks required is-— 

658,700-5-(200 X 30 X 4)=28. 

Mr. Hair has estimated for 40 trucks, or nearly 50 per cent, in excess of the actual 
requirements. The extra wagons will be wanted to supply the place of those that may be 
undergoing repairs. 

2. The quantity of material required is thus distributed :— > 





Babble. 


Aihhr. 


Brickwork. 


Fitchin^. 


Lime. 


Head-sluices • • • . 
Under-sluices .... 


289,235 
^5,612 


16,950 
26,842 


2,327 

... 


9,870 

— 


123,490 
86,550 


Leftbank . . 

Bight bank • • • . . 

Bunds ...... 


185,184 

*•• 


... 


562,776 
1,405 

• •• 


138*000 


77,860 


Bight bonk 

Weir . . . 


626,839 


78,436 


402,449 

... 


••• 


305,700 


Biver-bed 






1,010,975 







Leftbank . 
Bight iMnk 
Sed of river 



562,800 

402,400 

1,011,000 



1,976,200 
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The cubical contents of the weir to l,264i feet from the right bank is 126,590 cubic feet. 
Thus, then, the quantity that^ for economical purposes^ should be supplied from the two banks 
of the river is— 

Left bank— . 

1. Head-sluices and under^sluioes •••••• 562,800 

2. Half of weir between 1,264 feet and left bank / . • 442,750 



1,005,550 



Bight bank— - 

1. Bight flank, &o. . • . . 

2. Weir from right flank io 1,2^4 feci 

3. Half of weir from 1,264, feet to left bank 



Total 



402,400 
125,600 
442,750 

970,650 

1,976,200 



To save the expense^ of carrying any material from the left to the right bank^ it is 
proposed to open quarries on both banks. 

On the right bank the quarry will be at the hill near the end of the afflux bund« A 
single line of tramway will be laid on the afflux bund to within 2,000 feet of the right flank. 
From this point the tmmway will curve to the left, and, running on a gradient of about 1 in 
100, will reach the weir on a level with its crest.- The tramway will be carried along the line 
of weir on masonry piers spanned with timber ; the piers will be built of the same section as 
the weir, so that a portion may remain in the work. 

On the left bank the quarries will be at the hills close to the line of canal. A single Une 
of tramway will run from the quarriea to the head-sluices^ with sidings to the ashlar and lime 
yards and to the edge of river-bank« 

The material brought down by the tram on the right bank will be delivered along the line 
up to 1,264, while that brought down by the tram on the left bank will delivered at the head- 
sluices and on the river-bank* 

As a good portion of the material will' be delivered in one spot, it will be necessary 
to construct front tilt wagons. 

As but 14 trucks will be worked in the right and 14 in the left tramway, there will be 
no need of double lines. Again, the length of the lines are so short that the working of a 
single line should be an easy matter. 

The estimate of the tramways must be increased to cover the cost of thei ncline in the 
right bank, the extra quantity of rails^ sleepers, &c., required for the tramway on the weir. 

The additional cost is B19,144, aa given in the following abstract :— > 

Abstract. 



Itemi. 



Bate. 



Amount. 



19,700 cubic feet masonry 

948 „ beams 

, 1,108 

8,160 maunds rails 
874,000 „ excavation 

10 per cent, contingencies 

Total 



B 

10- 
4- 
2- 

16- 
6- 



B 

1,970 
3,792 
2,216 
5,056 
4,370 



B 



17,404 
1,740 



19,144 



The ashlar for the floor and piers of the Head-sluices and underbsluices will be let down 
OB earthen inclines ; that for the coping of the weir will be delivered in the same manner at the 
left flank, and will thus be put upon trucks and delivered along the line of weir. 
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Comparison of tie cost of steam and native mortar mills. 

The mortar required daily is 900 cabic|feet. A steam mortar mill will grind 160 cubic 
feet per diem ; therefore the number required is 6« 

A native mortar mill will grind 30 cubic feet per diemi sufficiently fine for rubble masonry: 
hence the number required is SO* 

Comparison» 
Steam mortar mills--> 

B 

6 will cost at B4,000 each .... 24,000 

Native mortar mills—* 

30 will cost at BIO each . • • . 300 

Saving .... 23,700 

One engine wiU consume 35 maunds of wood in a day ; therefore 6 will consume 210 
maunds, 

fi 
210 maunds of fuel at B25 per 100 .. . 52*5 
Labour, belting, oil, repairs, &c. .. • • 17*5 

Daily cost of six milla « • .70 

A native mill is worked by a pair of bullocks at 4 annas each, work- 
ing 6ix hours, or per diem ' . ... . I'O 
Labour iii watering, driving, tumingy Ac. • . *5 

B . . 1-5 

30 will therefore cost B4i5 per diem, or B25 less than 
the steam mills. 
There will be 600 working days, so that the saving in 

ntftive mills will be • • • • '^ .15,000 for working 
and 23,700 in first cost. 

Total saving fi . . 38,700 



Memorandum on the time required to complete the Pareeeha weir and headjmoris. 

1, Thb quantity of ashlar to be dressed is 121,228 cubic feet,' and 200 masons can be em- 
ployed^ each man being able to dress eight superficial feet of stone per diem. 

The average size of the ashlar blolcks may be taken at 3 feet long, 1^ foot wide, and \\ 
foot thicky the cubical contents being 3*75 cubic feetj and the superficial area 22*5 square feet. 

The niunber of blocks required isj theref orCj ^^ = 82,324^ and the superficial area to be 
dressed 727,290 square feet. 

One mason can dress eight square feet of stone per diem, and 100 men can therefore drest 
1,600 square feet ; the number of days in which the work can be done = ^-^^ =: 455. 

Ii6u0 

Allowing 300 working days in the year, the whole of the dressing can be done in a year 
and a half. 

It will take some time before stone begins to be delivered at Pareeeha'; in organizing 
work, and in finishing up after all the ashlar is laid : these may be assumed to require a year j 
hence. 21 years will be taken; to allow for contingencies, however, three years have been 
allowed in the estimateis. 

2. The total quantity of rubble masonry and brickwork required is 970,088 cubic feet, 
and taking 20 cubic feet as the quantity which one man can lay in a day, and the time 2^ 
years at 200 working days a year (15th October to 15th June), the number of men required 
is found to be '^^ = 97, say 100 masons. There will probably be no difficulty in getting 
this number together. 
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No. C.i043W^ dated 2nd November W4u 
Befiort by tie Cite/ Engineer, Irrigation JTorie, Norti-Weetem Provinces. 

SECTION I. 
HISTORY OF THE PROJECT. 
Bbfoee entering upon a detaileii examination of the project sulitmitted by Mr.. J. Hair, 
the Superintendent of the Bundelkhund Irrigation Works, it appears requisite to sketch 
its history. » i 

2. The first proposal for the construction of a canal from the Betwa was made, by 

X '», V HK Major-General (then . Caption) Strachey in a 

• Prog., w. Aagn.t 1887, No. 76. ^^^^ ^ ^^ November 1855, which was the 

resalt of a flying visit to Bundelkhund. An establishment, provided to investigate the subject 
perished in the Mutiny. In 1859 the question was again considered, but nothing was done 
until the end of 1867, when Lieutenant Home, B.E., was directed to conduct the enquiry, and 
accordingly in 1867-68 the country was examined with a view to ascertain its capabilities 
for the projection of canals. 

8. In August, 1868 Lieutenant Home submitted a preliminary report which established 
A .^^ *, ^. ^ tl^at it is practicable to utilise the waters of the 

j^iwB w» ^ Betwa nver for imgatmg the tract enclosed 

by the three rivers Jumna, Pahooj, and Betwa. Therefore further and more complete in- 
vestigations were ordered, and in September, 1868 definite instructions for prosecuting the 
enquiry daring the ensuing season were sent to Lieutenant Bagge, B.E., who had in the 
meanwhile relieved Lieutenant Home. 

4. Before leaving India Lieutenant Home sent in a more detailed project for a Betwa 
Canal. The cost was estimated at B 1 9,29,246; the income at Bl,62,500, or 7*9 per 
cent. This project was submitted to the Oovemment of India with a note by Colonel 
breathed, pointing out various alterations in design which were required. 

5. Mr. Anderson, Superintending Engineer, was now .deputed to examine the projec- 

A ^ ^T .. X « ted alignment of the Betwa Canal. The con- 

Frogs, w* ^y ^69, Nos. 5 to 9. 1 • t L 

^ yf' ^ elusions he came to were :— 

I. That Pareecha, the site fixed by Lieutenant Home, is the best position for a weir. 

II. That for four or five months of the year 1,000 cubic feet of water could be depended 

on, even in years of deficient rainfall. 

III. That further investigation was needed, however, before the alignments could be 

definitely fixed, and that until this was settled work should not be begun. 

The Chief Engineer agreed, to these conclusions and decided that the head of the new 
canal should be fixed at Pareecha. 

6. In November 1869 Lieutenant Bagge, B.E., submitted a detailed project and esti^nate 

A , ,««« ^T ttor ri> for ^® Betwa Canal, including provision of 

^ ^ storage for water m the bed of the nver 

with a view to perennial irrigation. But the amount of the estimate, 90 lakhs, was pro- 
hibitive; and as Lieutenant Bagge was obliged from ill-health to go to England, where 
be died, and as Mr. Anderson's services ceased to be available on account of his employment 
in supervising the construction of the Agra Canal, the question of the Betwa Canal was 

- J iRi^a N 34 shelved until April, 1872, when, after the 
g». w» "^* » • • country had been visited by Sir W. Muir and 

the Chief Engineer, the approval of the Oover^ment of India was solicited to the prepara- 
tion of detailed estimates of a scheme limited to affording irrigation for rubbee and tnonsoon 
khureef and excluding mar soil from present consideration. 

7. In Junci 1872 the Government of India sanctioned the preparation of detailed 

estimates, but desired that the eventual irriga- 
No. 4761., dated 18th Jane. ^^^ ^j mar soil should be contemplated in 

- J iJWft N 49 designing the works, and that a full ditouss- 
'^°^*^' * ' ' ion of the question of returns should at the 

same time be gone into. 

8. In March 1873 a fresh estimate for the canal was drawn up in accordance with 
wishes of the Government of India and the Chief Engineer's instructions. 
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Colonel Brownlow^ basing his calculations on what were afterwards proved to be in- 
complete data^ arrived at the conclusion that a greater iretum than from 2 to 3^ per cent. 

_^ A - ,oN« « r« X «• was not to be expected. In consequence of 

Frogrs. ^, Jane 1878, Noi, 61 to 66. . x j i! 4,- ij i i. xi. • i. 

its defective financial prospects the project was 

again referred for local consideration by the Government of India, and in July again sub- 
mitted to the Government of India with a note by Colonel Greathed, who had in the 
meantime returned to India, Lieutenant-Colonel Brownlow admitted that there is now hope 
of the ultimate returns being 50 per cent, more than he had put them at. 

9. The results of correspondence on the subjects of rates to be levied, the liability of 
Bundelkhund to periodical droughts, the volume of water in the Betwa, having likewise 
been duly submitted, the Government of India sanctioned, on the 4th November 187S, 
the preparation of detailed estimates for the Betwa Canal for submission to the Secretary 
of State. On the recommendation of the Inspector-General it was directed that the project 
should be restricted to a canal for monsoon and dry season irrigation without reservoirs 
and without any provision for navigation. 

The estimate now under review is that called for by the Government of India. 



SECTION II. 
NECESSITY FOR IRRIGATION. 
10. Colonel Greathed^9 report on the droughts which have occurred in Bundelkhund* 
P««. 4 September 1878, No. 102. Submitted to the Government of India in Sep- 

tember 187S, is divided into three parts : — 

I.^-Thb Efpects of Dbouoht on thb Pboplb. 

The sufferings of the people in 1868-69 and in former famines are described in a narrative 
compiled from reports of various district officers^ and the condition of the inhabitants of 
the Doab watered by the Ganges Canal in 1868-69 is contrasted with the terrible state 
of Bundelkhund in the same year. Mr. G. Bicketts^ Officiating Commissioner^ in a memo, 
dated 8th July 1873^ showed tiliat between 1865 and 1871 the population of— • 

Jhansie had decreased ••• ••• i.. ... 45,669 

or 12*7 per cent. 
Banda ... .•• ... ... ••• 27,929 

or 3*8 per cent. 
Jaloun ••• ••• ... ...• ••• 4,800 



A decrease of ... 78,398 

in three districts only; whereas in Lalitpur, which will bo indirectly benefited, the decrease in 

population during this period amounted to SS,556, or 18*5 per cent. Sir W. Muir, when 

Settlement Officer of Calpee^ had reported that in 1884, 38,000 houses out of 75,000 were 

deserted. 

II.— *Thb Results on thb Land Bbvjbnub Bbcbipts. 

In the first place the assessment has been made lighter than elsewhere in the North- 
western Provinces to compensate cultivators for the frequent bad years, and, as seen from a 
table given at page 5 of Chief Engineer's report on droughts, there have been remissions in 
Bundelkhund amounting to BS3,63,989 in ten years, or about 8^ lakhs per annum, the 
greater part of which is due absolutely to famine. 

The rents fixed by the recent settlement of Jaloun average Bl-7-1 per acre, while the 

former rents averaged B2-0-5 per acre. This 
llfSp'sJ^Z^tK '" ''^"' ^'•^ "J^"^ t^t !"» *te district of Jaloun there has been 

a positive dmiinution of production in recent years. 

III. — ^Thb Amount disbursbd bt GovBENMBirr in Rblief of Distbbss. 
In the famine of 1868-69, for which alone there is a detail of expenditure under this 

A a * u. io»ro w 01 * tA« ^^' ^^ amouut givcu away by Government in 

Pro«. ^, September 1878, Noe. 91 to 102. ^ j n 1. j i - n t i-^ , . , .,, • 

* w' ^ Bundelkhund, exclusive of Lahtpur, which will be 

only indirectly benefited by the proposed canals, was B5,29,224. The total outlay on that 

one famine (including Lalitpur) was ill 6,24, 136. The amount of uncollected land revenue 

is included in this sum. 
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These figures, it will be observed, show only the loss to Government; the loss to private 
property and of life cannot be estimated. 

11. The revenue officers of the districts of Bundelkhund, when asked for an expression of 
opinion as to the need for irrigation, have now unanimously declared that in every part of the 
country the people are eager to be supplied with water. 

A species of grass termed '^ kans^' spreads over fields left fallow and cannot be eradicated 
without extreme labour and expense which the people are incapable of affording ; consequently 
the cultivable area is year by year diminished by the increase of this grass, whilst the power 
of removing it decreases annually. Vast tracts have been thrown .out of cultivation, and the 
subject at present occupies the earnest attention of the district officers. Artificial irrigation 
will terminate the long periods during which land now lies fiiUowfor wantof moisture sufficient 
to make ploughing and seeding practicable, and will go far to prevent the spread of this 
noxious weed and to kill off that which has already grown up. 

12, Sir W. Muir was deeply impressed with the absolute need of irrigation for Bundel- 
khund as the only safeguard against famine. 

18. Wells cannot be relied upon for this purpose, as the following figures will show ; it 
being premised that the water in wells which depends on surface drainage is soon exhausted 
and requires an ample fall of rain to renew it :— 





DXFTH AX WHICH WATBB Z8 FIBST 


DXFIH AT WHICH CBBKAHBIIT BUPPLT 


■ 


MBTWITH. 




IB ATTAINBD. 




District 












Maximom. 


Mimmam. 


Avenfre. 


Hftximtun. 


Minimam. 


Average. 


Jhansie. 


70 


15 


27 


••• 


••• 


... 


Jaloun .... 


50 


20 


30 


180 


150 


165 


Humeerpoor . 


90 


45 


67 


106 


• •• 


90 


Banda . • • . 


«•• 


12 


77 


157 


... 


••• 


Allahabad . 


83 


23 


48 


... 


... 


• •• 



In the hilly tracts some small extent of irrigation is effected from minor channels leading 
from tanks, but in the plain countries no such stores of water are met with. 

14. Thus the great depth of water below the surface of the ground, the scarcity of supply 
in wells and the cost of sinking them, renders resort to wells in all but the richest and most 
highly-manured lands impracticable* Tanks can only be made with advantage in the hilly 
tracts : for the plains, therefore, the large rivers must be depended on for a supply of water for 
irrigation purposes. 

SECTION m. 
OOONTRY TO BE IRRIGATED. 

15. Endeavour hi^ naturally been made to fix the head of the Betwa Canal as far up the 
course of the river as practicable, in order to extend the area of irrig^tion.^ But the rugged 
character of the country renders it impracticable to establish the head above latitude ib^-4t2,'»S0'\ 
North-west of this line the country has an undulating surface frequently broken by quartz 
dykes and disintegrating masses of granite and its associate rocks ; the nearness of these rocks 
to the surface, the irregularity of the elevations, and the rapid fall of the country eastwards 
towards the Jumna present insuperable obstacles to the construction of a canal. 

16. But on the left bank the district of Jaloun and the native territories of Omrah and 
Samthar are well adapted for the distribution of water from canals* 

This tract, forming a triangle included between the rivers Betwa, Pahooj, and Jumna, is 
aoeordingly the area with which we have to deal in the present project* It is represented in 
the index map facing this page. 

The profile of this tract shows two watersheds, one bordering each of the rivers Pahooj and 
Betwa. The area is drained by two separate channels flowing towards the Jumna, uniting 
before they fall into that river, about six miles from the town of Calpee. 

17. The central part of the Betwa-Fahooj Doab is found to be a depression composed of 

that mar or black cotton soil concerning whose 
rep^ -action, aceompanying Capfin B.gge's capacity for irrigation much controversy has arisen. 

For the present, however, it is necessary to omit 
mar from our consideration and to confine the provision of irrigation to the lands bordering 

H 
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the watersheds which coDsiflfc of kabur/' & rich loanii ''parwa,'' sandy soil, and ^'rakar/' 
coarse sandy soil with nodules of quartz and hankar and gravel-beds. Excluding Uie large 
central mar area, the different. jSoiLi are met with in the following proportions :— 
Mar • « 4 • « • . r 29 per oent« 

Kabar ^3 ,, 

Parwa • • 14 „ 

Eakar 4 » 

18. The three boundary rivers run in deep narrow valleys, the edges of which are greatly 
cut up by ravines, those of the Jumna extending from three to five miles from the stream. 

The following table gives the areas of the country enclosed by the three rivers^ exdusive 
of the low lands bordering the streams :— • 







Ar«M. 


^ British or NfttlT« Territory. 


DiBtriet. 








kmM. 


BritiBh . • 


JhMflie. 


49*0 


31,360 


Native 


r 






Samathr 


U5-5 


99»520 


British 








Jaloan • • • • 


1,116-0 


713,600 


Native 








Baittii .... 


72-6 


46,400 


Do 








Behn .... 


100 


6,400 


Do, 








Datia . . . . 


86-6 


23,360 


British 








Homeerpoor • 

Total 


63*5 


34,240 










lp492'0 


964,880 



British 1217'5 square miles, or 81*6 per cent. 

Native 274-5 „ or 18*4 „ 

Of the total area 618*42 square miles are barren and ravines, and of the balance 36 per cent, 
is mar; 1,492— 518*42 =978*58 square miles, the cultivated and culturable area ; and*^®*** 



100 



= 63*83 square miles=405>011 acresi the area of arable land^ less ''mar/' and the area requir- 
ing irrigation ; 330,489 acres being in British territory and 74,622 acres in Native States. 



SECTION IV. 

8UTPPLT OF Water. 

19. The next question to be considered is the supply of water available. 

The table in Appendix, page 9A., gives all the discharges of the river Betwa measured 
since 1866, including the famine year of 18^, df which Mr. Anderson wrote in 1869 :— - 

''The Betwa no doubt was lower during last season than it has been known to be for 
See ftegfc. May 1869, page 7. 7^^» ^^^ ^^ ^^^^ ^^^ famine of 1887-88." 

Mumtaz Ali Khan, an intelHgunt and weU^informed native^ gentleman of EtaWah, whose 
statements are reliable, WM Sisputy CoUectbr of Hameerpoorinthe year 1838 and had frequent 
occasion to goto Jhansie. HesayH that at no period of the monsoon was the depth of water at 
the Baruah Sagar Oh&t, on the river Betwa, less thaii l^ree feet« This oorrespondfa to a^ dis- 
charge of 450 feet per second. 

It is quite impossible to compaio^ the Volume of 1868* with that of either of titis yeavil884 
or 1838, for before 1860 no discharge was ever taken. It is therefore necessary to^ havid ns- 
course to an inductive process of establishing the sufBcieney of deeply in t&e' BfetWi^ in the' 
following manner :— 

20. An examination of the table of rainfall during the monsdon months (Appendix;' page- 
lOA.) shows the fall in 1868 to have been much less than in any othei" of the fouiteen years' 
of which a record is available, and we have proved above that the tdlttttieof tie river* iii 1868 
was extraordinarily low. Now, turning to the diagram of diwhafg«» of that y^r (AppeiwMal, 
page 26A.), we observe a rise of \\ foot about the 15th July, Which is sHoWn in' the liable of 
discharges (Appendix, page 9A.)' to have raided' the volume to 914 cubic leet ott tie 18th, on 
which date the measurement was taken. Thus from the 15th July we had water enough to 
have filled' our canal, and the diagram (Appendix, page 26A.) shows that the river even in the 
worst year ever known to any persons now alive remained always above this height until the 
15th October. 
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01. TUi minimmm ofumter would iaif^ proSuoed and matured tie entirei Harvest of maize^ 
millet, and Jndian^^eern, wiiek eompktely failed in 1868, and would have saved tie lives of tie 
moMf^ tiousoMds of people wio perisied mserably of starvation, not from want of effort and 
liberality of the OgYemment in di^pengixig food> but /iwin tie absence of food in tie country 
and from.tbe impossibility o£:tj:^8porting it to the country with sufficient rapidity* 

. We ahould alao l^ve eaved a large proportion of the cattle that died in tens of thousands ; 
and we should, have eaved a hurge proportion of the InoneyJoes in the famine in Bundelkhund, 
whichi as shown above^ amounted to £170^000. Eyen in this year (1868) of least recorded 
supply there would have been water to aiford the land the saturation requisite in September 
and October to allow of its being ploughed and sown for rubbee in the latter month. 

22. The question now arises— Whence came this water in the Betwa sufficient in (his 
year of drought to keep Bundelkhund alive ? 

As the volume of the Betwa was reduced in Juno 1868 to 70 cubic feet and the quantity 
of rain which fell in the whole monsoon fit Jhansie was only 10 inches, the volume (sufficient 
for our needs) whi<^ the river acquired in July necessarily came from the country situated 
higher up its course. 

^he two great rivers of Bundelkhundjt the Betwa and the Keyn^ rise at no great distance 
f roin each other in the Vindhya mountains^ and run nearly parallel courses^ leaping down from 
the high lands of Centrs^l India to the level of the valley of the Jumna in channels which they 
have worn in the vaist table of granite and trap rock which covers the country. 

^^r the headTwaters of the Betwa stands the city of Jndor^ and near the sources of the 
Keyn the station of Sagar. The rainfall of those places in 1868 was 32 and 81 inches respect* 
ively* (Appendix, page 10A.)« which tallies so exactly with the rainfall for the Dakhan 
generally, returned i^ the Bombay records as 82^ inches in that year^ that for other years the 
Dakhan average, which we have got^ may be assumed to be the rainfall of I/idor and Sagar, 
which we have not got. 

Hovr the Sanitary Commissioneir for Bombay reports that the average of the general 
Dakhan rainfall, taken over a space of 22 years from 1852 to 1873, was 28 inches* And this 
unfailing result o£ the breaking of the monsoon on the western cost furnishes tie u^faiiing 
minimum om whieh we rely for the supply of the Betwa wA Keyn in the driest years. 
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Had the Betwa been in Middlesex more complete and sati8fa<;tory returns could have been 
obtained; but traversing as it does some of the wildest regions of Hindustan^ it is only after 
considerable research that the foregoing statements have been obtained. 

Nl 
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23. In all but years of absolute scarcity the 600 cubic feet per second required for the 
purposes of this project in the beginning of the rubbee and 300 feet at the end can also be de- 
pended upon. A comparison between the agricultural calendar (Appendix, page 12A.) and 
the table of river discbarges (Appendix, page 9A.) is the basis of this statement 

24. To provide for the possible extension of monsoon irrigation to mar lands, it is pro* 
posed by the Chief Engineer to make the canal for 191 miles up to the point at which irriga- 
tion commences large enough to carry 1,000 cubic feet. When required, new distributaries 
will be opened for the purpose from this point. This provision is made in accordance with the 
instructions of the Government of India before referred to. 



SECTION V. 

WATEB-BATES; AREA; IRRIGABLE. INCOME. 

Bxtrad from paras. 8 and 9 of hiWTEVAiiTXojjO}!f%L BBOW^LOw'a Note on tie Betwa Prof'eet, 

No. 674L'C., dated January 1872, approved in Colonel Oreathbd's Note, No. 3331.^0.* 

of Snd February. 

** After studying the table of measured discharges in the river, extending more or less 
continuously over a period of four years, I think we may &irly rely on starting the rubbee 
crops during the end of September and October of ordinary years with 600 cubic feet per second, 
dropping to 850 cubic feet in January and 200 cubic feet in February. In dry years we shall 
be able to start the crops with very nearly the same volume (600 cubic feet) obtained in 
ordinary season, but this will only be available during end of September and early part of 
October. The supply of water in river falls rapidly to 160 cubic feet in end of October and 
to only 50 cubic ftot in February. Allowing for the very great decrease in the volume of canal 
between the conmiencement and the end of rubbee, I think we should only calculate on full 
water-rates being realized on two-thirds of area irrigated at commencement of the season. 

'' Taking 200 acres per cubic foot per second as duty ultimately obtainable in irrigation 
of rubbee crops, we have :— 

Cubic feet 600 x 200=120,000 acres irrigated in September and October, 

two-thirds of which=80,000 acres at fi2 .... =fi 1,60,000 

Add 12 annas per acre for enhancement of land revenue • • „ 60,000 

And 6 per cent, of water-rate, miscellanenous revenue . • . ,, 8,000 

Total ultimate returns . . „ 2,28,000 

Deduct 25 per cent, for working expenses . . „ 57,000 

Balance net revenue . „ 1,71»000 

'' These will be, of course, ultimate returns, but as they take no account whatever of khuieef 
irrigation (which it is hard to believe will not be carried on more or less when the water is 
available), I think the estimate cannot be called excessive. S 1,71,000 return 7 per cent, on 
24^ lakhs of rupees, so that I think we have good grounds for recommending such a project for 
serious consideration.'' 

25. The total estimated cost of the canal is shown by the abstract of expenditure (page 
25) to be =& 80,26,348 

The amount of interest . „ 7,65,209 

Capitalization of land revenue ^, 1,98,576 

Total expenditure . „ 39,85,188 
on which the estimated net return, Bl,71,000, will pay 4*81 per cent. 



SECTION VI. 

ALIGNMENT OF THE CANAL. 

26. After a very careful consideration of the subject the head of the canal has been fixed 

at Pareecha, 18 miles east of Jhansie, near the Calpee road. This is the best site that could be 

found. A rocky barrier runs across the bed of the river, forming an excellent foundation for the 

weir I this barrier is said by the Executive Engineer, Mr. Dubus, to be free from cracks and 



• Bee Nos. 84 and 88, Proge. Jane, 1878. 
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fissures visible to the eye* The river has a straight run between g^ood sti£E banks, and there is 
a plentiful supply of good building stone, suitable for coursed rubble, in the neighbourhood. 
The bed of the canal is so determined as to bring its water to the surface of the country at Mot, 
where the two rivers. Pahooj and Betwa begin to diverge. Flow irrigation becomes possible at 
this " obligatory point/' 

27. Mr. Hair has designed the canal to carry 600 cubic feet per second only, which is the 
volume attainable in early rubbee, as shown above. The bed is 20 feet wide, the depth of water 
7 feetj side slopes 1 to 1. Above the water-line the slope is expanded to 10 to 1 in deep cutting. 
To enable the canal to be easily modified, to carry 1,000 cubic feet per second in monsoon 
khureef at a future day, it is not necessary to alter the wetted part of the section shown on Sheet 
No. 1 of Atlas ; but by throwing back the sides of cutting in the manner shown on the drawing 
by thick black lines and leaving berms 6 feet wide on either side, the width of the bed can at 
any time be increased to 80 feet in width by merely removing the berms and deepening the 
channel 1 foot. The bed thus enlarged will carry 1,000 cubic feet. 

The effect of this alteration in the design of earthwork of the main canal will be to increase 
the quantity by 7,413,120 cubic feet at Bi3-8 per cent. = B25,945, which amount has been 
added to Mn Hair's estimate. . 

28. The alignment of the canal, its branches, and distributaries are shown on the accom- 
panying index map, page 4, and also on the large tracings of level charts. 

From Fareecha to Beo the canal runs in a direct line and is in excavation varying from 
SO feet at head to 5 feet, the slope of bed being 1 in 2,877. At mile 1 9^, or 8 miles beyond Reo, 
it bifurcates ; the right or Humeerpoor Branch follows the watershed bordering the Betwa, 
and will irrigate the stretch of land lying between the high bank of the Betwa and the great 
mar basin in the centre of the Doab. 

The Humeerpoor Branch is designed with a bottom width 15 feet for the first 80 miles j the 
depth of water at head is feet, and slope 1 in 8,009. These dimensions give a mean velocity 
of 2*75 feet per second and a discharge of 842 cubic feet per second. The capacity of the 
branch may ultimately be increased to 500 cubic feet per second by increasing the depth of 
1 foot and slope of bed, so as to raise the mean velocity to 8*25 feet per second. 

From mile 80 to 48} the bed is 14 feet wide and depth of water 4^ feet ; and between mile 
48i, the head of the Calpee Branch, and mile 58 the bed is reduced to 12 feet, the depth of 
water continuing the same. 

From mile 68 to mile 68 the bed is 8 feet wide, and beyond mile 68 only 5 feet, which 
width the branch maintains to it tail at mile 78^, where it enters the ravines of the Jumna, 
about four miles west of Humeerpoor. The slope of bed varies between 1 in 2,785 and a foot 
per mile as below :— 



Head 


to 
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A small branch, 11 miles long, will leave the Humeerpoor Branch at mile 48 i and will 
irrigate a small Doab south-west of the town of Calpee. This branch will be 5 feet wide at 
bed throughout, with a depth of water of 4 feet^ slope of bed a foot per mile and capable of 
carrying 40 cubic feet per second. 

29. The second or left of the two branches into which the main canal divides at mile 
19i will be called the Kutound Branch : it runs along the Pahooj watershed and will irrigate 
the country lying between the high bank of that river and the central mar basin. This line 
is designed to carry 257 cubic feet at its head, with a bottom width of 10 feet, depth of water 
6 feet, and slope of bed 1 in 2,509. It will be necessary to design the masonry works on the 
Kutound Branch so as to admit of its carrying 500 cubic feet per second, which Volume, 
added to that of the Humeerpoor Branch, will make up the 1,000 cubic feet per second which 
the canal will probably have to carry ultimately. In order to enable it to carry 500 cubic feet 
per second, the Kutound Branch will have to be 15 feet wide at bed, with 7 feet depth of 
water and a mean velocity of 8*25 feet per second, and the masonry works should be so con- 
structed as to admit of the channel being ultimately enlarged to these dimensions. 

The Kutound Branch will be 58i miles long, the channel at the tail, where it meets 
the ravines of the Jumna, three miles east of Kutound, being 5 feet wide, and depth of 
water 4 feet 
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Th6 elope of bed varies as follows :— v 

Head to mile 10 . . ... . . 1 in 2,5Q9. 

Mik 10 „ „ 20 . . . . . . . 1 in 2,847. 

„ 20 „ ,, 3Q . . . . ' . . , 1 in 2,890, 

„ 30 „ „ 40 . ■ . 1 in 3,515, 

), 40 „ „ 50 f ^ • 1 in 4,611. 

„ 50 „ mile end . • • . • • .1 foot per mile. 

SO. The surface slope of the Betwa-Pahooj Doab is very great, necessitating^ numeroo^ 
falls on the branches; the water-line has generally been kept above the surface^ so that flash 
irrigation will everywhere be possible below the bifurcation. 

Sli The alignment of p^pposed distribubiriesj iio^e pf which . i^ill be of any gpreat size^ 
except that rqni^ing dpwn towards Churlci^ is sjiow^ on the index xpap; they have appareotly 
been chosen with great care^ The totfil leAgth x>f distributaries is 220 mUeSj, but this will be 
supplemented largely by direct ^gation. from the branch canals. 

82. It was at one time contemplatpd to ^ve a nayigs^ble canal from Pahooj to Calpee^ but 
oaring to the rapid slope of the country th^ cost proved prohibitpryj, aud the Government of 
India^ in G. G. O. No. 8181.^ dated 4th November, 1873, finally decided that navigation 
should be left out of the project. 

SECTION VII. 
DISTHIBUTJON OF SUPPLY, 
98. The volukne of water available at the beginning of theimbbee season is 600 cubic feet 
pec second, and thi& is the Tolome the works are at present designed to carry^ The area to 
be irrigated consists of two strips of nearly equal and unifovm width. Miv Hair tiaa^ divided 
the supply availiablei 600 cubic fe^t/by- ths total length of the bra^nphes, vuf.^ ^47 miles^ and 
obtaitied a quotient 4*1^ which represents tfaa volume to be oonsumied per mile. Tha several 
channels have aocbrdihgly been designed (Ok this regimen.. This was the system pi;irsued by 
Colonel Cauiley on* the Ganges Canal, and ler the purposes of estimating may be accepted, as 
sufficiently accurate; but in pvepftriilg the working designs it will be requisite to ascertain 
the volumes required, by each distributiMyji v^irying with tl^e areas to be irrigatedj, and to 
i^x the diia9nsion8*of be4 ^n^ masonry works accordingly. Mr. Hair's proposed distribution 
is given in Appendix, page 14A. 

SJ?!CTION VIII. 
' DBAmAGE. 

84. At only five points has drainage been crossed^ «»«.— 

(1) At four furlongs from the head, where an inlet is provided to admit some small 
local drainage into the canal. 

(8) Xt mile 1|^ where a second inlet will be built. 

(8) At mile 7 the heads of drtdnage which flows at present to the Betwa are unavoidably 
crossed, but the map shows that it can easily be diverted into the Pahooj. The 
aligninent of the canal is on the general line of watershed. 

(4) At mile 16) a sm^. drai^oage line is intercepted and \^ill have to be provided for 

by syphon. 

(5) At mile 20 of the Hameerpoor- Branch, where the same thing occurs^ a similar work 

will be required* 

85. All thQ drainage of the country hai? been carefully surveyed, and is ^hown on the 
large contour n^aps prepared by Mr. Hair. 



SECTION IX. 

MASONRY WORKS. 

(For list see Appendix, page iSA)^ 

I. — Heabwob&s. 

86. The reasons for fixing the head of the canal' at Pareeoha have l)evn already stated. 
The principal works obtaining and regulating the supply of the canal taae-r^ 
{a) A weir across the bed of the river Betwa. 
{b) Under-sluices on the left flank of the weir> to clear the river approach to 
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{ (e) Head slaioes at tbe head of ihe canal and leffc fltak, o{ the. weir. 

{d) Right and left flank proteotion worksy and ,. \ 

{e) Afflux embankments. 

It will be convenient to describe these different works in the order given above ^r^ 

(a) Tie Weir. 

S7. Mr. Hair has designed the weir alignment most skilf ally^ so as to make the most of 
the rock barrier already described : the weir is placed on the ridge of the reef, curved on the 
left fiank^ convex to the direction of the stream^ so that the water will be thrown towards the 
middle. The sill of the weir has been fixed in reference to the level of the " obligatoiy point " 
at B. L. 625*50. The height of the weir above the river-bed varies between 26*5 feet and '4 
of the foot^ except on the left flank, where tbe rock is higher than the sill and will have to be 
cut down. The total length of the weir between the steps at either end is 2^396 feet, or nearly 
half a mile, and is calculated to produce an afflux of 6*5 feet. (Fide Appendix, page 14 A.) 

88^ The maximum flood volume of the Betwa has been calculated by various observers 
. , ^ A . - iQ»# M •o to be about 750,000 cubic feet per second, and 

" it IS this- volume which gives an afflux of 6*5 

feet* This flood discharge has been verified by a computation based .on^ the area of the 
catchment basin, which is roughly 185 miles long and 48 miles wide^ or 8,992 square miles. 
Allowing 80 per cent, of the rainfall to* pass offy which is a reasonable allowafi^ce on rocky land 
of t*pid slope, these results give a calculated flood discharge of 799^440 cubicfeek- 

89. The cross section proposed by Mr. Hair is a trapeizoid, with sides of equ^ i^lope, 9iz.f 10 
horizontal to 25i vertical, the top width being 10^ feet, increased by a ledge to.l5 fe^t. The 
section proposed is stable, but the Chief Engineei^ does not a]^prove of the slop^ on the (iown- 
stredun side ^ a 6-inch film passing over the weir would fall, theoretically, at a point 6 feet 
measured horizontally from a line drawn plumb to the lip of the weir. Practicably this 
distance would not perhaps be more tiian 4 feet^ in which case the fallmg water, would strike; 
the down-stream slope of the weir at about half its height^ and would ultimately afiEept. the 
stability of the structure by wear .and vibration. Tbe dpwn-8trea^l fac^ of the weir should 
therefore be nearly plumb j but to increase the stability of the work, and thereby to decrease 
its cost, tbe base of tbe weir has been extended up-stream as far as is consistent with the 
necessary conditions defined above; .The up-stream edge will be rounded, as in certain works in 
Madras, in order that drift wood may pass over without obstruction and injury to the masonry. 
Iiistead of a batter for the up-stream &ce the Chief Engineer pr^ers a curve, which facilitates 
the passi^ of water and drift; the curve is so designed as to reduce the thickness of the weir 
in proportion to the pressure exerted. The section shown is for the highest part, and so much 
of tiie section, measured &om the top downwards, as is requisite for the completion of the weir 
to a uniform still level will be built throughout the length of the structure. Fifteen feet has 
been adopted as a convenient uniform dimension for the width of the weirs at top. 

A section of the weir as approved by the Chief Engineer is given on a separate sheet 
(iVo. 14A) ; the calculations of pressure and resistaiice hfive been made iii' a manner Ikid down 
by Rankine ; the impact due to thd velocity of apj^roach, of which vei'y liiitle is^ knowii, has^ 
be^n neglected, but to allow for it, tl»d ^eit is designed' to support the whole weight of the' 
water above in time of flood, oti the supposition that thd channel below is dry. 

To avoid the expense of dressing the face stones to a curve which varies in each course, it 
will suffice to dress the face of each Course to a plain surface, Cbn'esponding' to tlli^ chord of the 
portion of the arc that falls upon it. The up-streAni face' will therefore be trapezoidal iti detail. 

40. The wdr will be coped with ashlar 18 inches thick, finely cut ; the principal blocks ^U 
be 0^ the dimensions shown on the drawing. Hot less than 15 inches' wide and' 1*1 ton each in 
weight. The stone will be procured from Tapkin Mohal, in the Owalior territory, about 4*3 
miles from Pareecha, where the quarries atford a very hard and durable red lOiiidstohe'of fine 
graiiii capable of nice and accurate workmanship. The stones ott< the up-strea«n edge of the' sill 
will be tied down to the body of the weir by iron bolts U inch in diameter and feet long. 

4i. The body of the weir will be built of rubble niasonry coursed on both faces ; th^'jrtone 
will come from the Pareecha hilli and from the Hill on tJie right bank of tlie riVer; lio stone 
will be used in any part of the work under ith of a cubic ft)Ot> and for face work the^ibinfmum 
dimensions are 9 inches long, 8 inchiis wide, and 6 inches high ; a due proportion of bond stbrifedj • 
of a minimum size, 2ifeet long, li foot wide, and two'-couifees in- height, will be built into tbe 
work. The stone procurable from the Pareecha hill is a gneissoid, very hard; and being 
stratified, it is expected that it will be easily worked into Uocks of coi&Srenieiit 4ixi6h' 
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42. Ashlar will be set in Portland cement and rabble in kankar lime mortar : the kankar 
will come from Upara^ 12 miles from Pareecha, along the canal line, where there is an exten- 
sive bedy estimated to yield 40 millions of cubic feet of good hydraulic lime. The faces of 
the weir will be pointed with Portland cement to a depth of 2 inches. 

43. In paragraphs 4 and 5 of the General Specification (Appendix, page 15A.) Mr. Hair 

describes the system he proposes to adopt in building the weir^ which appears simple and 

practicable. 

{b) Under-sluices* 

44. The under-sluices are designed by Mr. Hair in a line with the weir, and making an 
angle of 75° with the face of the head-sluices ^ but this arrangement is not approved. In 
order to create a sufficient scour along the face of the canal head and so to prevent a deposit 
of shingle and silt, the two works will be placed at right angles to each other. Sheet No, llA' 
shows the alignment which the Chief Engineer proposes for these two works. 

45. The height of the face wall of the under-sluices is taken by Mr. Hair at S feet above 
the calculated afflux level. The Chief Engineer has increased this margin to feet. The 
highest flood level is shown on the drawings at B. L. 645*50, and has been determined by 
local observation at different times and bj different officers : Captain Home in 1867-68 gives 
B. L. 645-67 as the flood level; Captain Bagge in 1868-69 gives B. L. 646*54, and more 
recent enquiries show that B. L. 645-60 as the highest point to which floods have been known 
to rise. The floods of 1869 only rose to 641'99, and these are generally acknowledged to have 
been unusuallj high. The height of affiux is calculated at 6*5 feet, so that the reduced level 
of flood water above the weir will be 652*00. The B. L. of the top of the under-sluices' wall, 
of the canal head-sluices' roadway, and of the affiux embankments are therefore fixed at 
668*00, S feet higher than Mr. Hair proposed. 

46» The under-sluices will consist of six vents of 10 feet each^ in all a waterway of 60 feet, 
which the Chief Engineer considers sufficient ; the head-sluices have eight vents of 6 feet. 
To give a greater length to the under-sluices would contract the weir unduly. 

47. The piers of the under-sluices were originally designed S feet thick, but in order to 
support the great superincumbent weight with safety they have been increased to 5 feet. 

The hearting of concrete proposed for the spandril wall will give trouble in building and 
may settle unequally and shrink away from the face walls : it will be but a trifle more ex- 
pensive to build the wall entirely of rubble masonry, and this the Chief Engineer proposed 
to do. 

The tread of the steps leading down to the weir should be twice the rise instead of only 
equal to the rise, as at first designed. 

48. The abutments, piers, arches, groove pilasters, cut-waters, flooring and the treads of 
steps leading down to the weir will be of ashlar ; the rest of the work of rubble masonry, the up- 
stream face being pointed with Portland cement. 

{c) Head'sluicei. 

49. The head-sluices were first designed to admit 600 cubic feet per second into the canal 
by six vents of 6 feet each ; but in order to admit of an expansion of the capacity of the 
canal to 1,000 cubic feet per second the number of openings has been increased. With a mean 
velocity of 8 feet per second, a waterway of 47*6 feet will be required, or eight bays of 6 feet 
say. 

50. The alignment of the head-sluices in connection with the under-sluices, has already 
been discussed ; the Chief Engineer proposes to place them in the manner shown on Sheet 
llA. 

51. Here also, as in the case of the under-sluices, the piers are too thin, and a thickness of 
3 feet has been provided in the estimate. 

Instead of the long flight of steps in prolongation of the piers, which are needlessly ex- 
pensive, the Chief Engineer proposes buttresses, 10 feet long at base, tapering to £ feet at 
top. 

The top of the face wall should be at the B. L. 658*000, for reasons abready assigned, and 
the wall itself should be built of solid rubble masonry throughout. 

52. The abutments, piers, arches, groove pilasters and cut-waters, and flooring will be 
built of ashlar, the parapet of brickwork or rubble stone, and the rest of the head-sluices of 
rubble masonry. The river face of the work will be pointed with Portland cement 2 inches 

The head-sluices will be founded on solid rock. 
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(rf) Flank Protection Works. 

63. The left flank is protected by an up-stream and down-stream wing wall ; the former 
runs 140 feet in from the river edge and the latter 75 feet. In order to hold up the bank 
immediately below the under sluices, the down-stream wing wall will run at right angles to 
them for a length of 50 feet. The whole of the left flank wing walls will be founded on 
rock. 

64. On Sheet No. 14 of Atlas a plan of the right flank works is given. Two diverging walls 
will run into the bank; that on the up-stream side will be 100 feet, and that on the down- 
stream 50 feet in length. These walls will not rest on rock, but tiie soil is stifE and well 
able to support the weight that will be put on it, as shown by the geol<^ical sections. 

The tope of the flank walls will be 6 feet above the afflux level, L e., at the R. L. 058*00, 
exclusive of parapets. 

55. Except the parapets, which will be of brickwork, if the rubble stone is not found to 
be suitable^ the whole of the flank walls will be of rubble masonry. 

{e) Afflux Emhanhments. 

56. In order to avoid inundation by the afflux caused by the weir and to prevent water 
passing round the ends of the weir, embankments will be required on both sides of the river ; 
they will be thrown up on the alignment shown at Sheet 12 of the Atlas. The formation width 
has been fixed at 20 feet, and the level at 658*00, or 3 feet higher than allowed by Mr. Hair, 
The portions near the weir which are liable to scour will be pitched with any stone, and the 
bank itself will be hearted with ft puddle wall S feet thick. 

{f) Construction, 

57. A memorandum by Mr. C. Anderson, Superintending Engineer (Appendix, page 
19A.), describes the manner in which it is proposed to deliver material into the weir ; quarries 
for rabble stone will be opened in the Pareecha hill on the left bank and in another hill at the 
upper end of the right afflux embankment. Tramways, to be worked by manual labour, as 
being cheapest, will be run from both these sites to the weir, and the loaded wagons will pass 
down to iiie bed of the river by means of inclines of 1 in 100. A timber staging, carrying 
rails, will be run along the line of weir resting on piers, which will be built of the section and 
of the same materials as the weir, of which they will finally form portions. The tramway on 
the line of weir will be removed annually before the flood season, during the period of cons^c- 
tion. A tramway will also be run to the lime-kilns and another to the ashlar-yard. 

58. Mortar for rubble will be ground by bullock power in native mills, as being cheaper 
for the quantity of work to be executed, both in first cost and in working ei^nses, than steam 
mortar mills. {Vide Appendix, page 21A.) The number of mills required being only SO, 
they wiU not occupy undue space. For finer work, however, it will be neoessary to have a 
couple of mortar mills worked by steam, which will serve to supplement the native mills in 
times of. high pressure ; two have accordingly been included in the estimate. 

69. li is calculated that it will require 2^ years {vide Appendix, page 21 A.) to complete 
the head-works. In the first year work on the head and under-sluices and flank protections 
will be pushed on, nothing being done to the weir, except cutting the bed, preparing ashlar 
and quarrying stone ; in the second year the head and under-sluices and flank protections will 
be completed and the weir built up to R. L. 615*00, and in the third year the whole work 
will be completed. It is anticipated that by the end of the third year, counting from the date 
of sanction, water will be admitted into the canal. 

Appendix, page ISA., is a calculation of the number of carts required for the carriage of 
materials to Pareecha. 

Extensive workshops will not be required. The work required for the weir being of a 
simple nature, hand blast forges and carpenters' benches are probably all that will be required. 
A portable engine has, however, been added to the estimate for tools and plant to meet con- 
tingencies. 

(^) Estimate. 

60. The alterations above described have rendered necessary the preparation of an entirely 
fresh estimate of the weir and head-works in the Chief Engineer's Office. The cost, including 
20 per cent, for contingencies, is now found to be B6,6d,207. 

c 
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II. — Bridges. 
(fl) Main Canal. 

61. On the main canal 13 bridges have been estimated for, including the head-works and 
the bifurcation. This number affords one in every mile and a half j which is excessive. There 
need be only a bridge for every two miles, or nine in all. 

The designs submitted by Mr. Hair only provide for a discharge of 600 cubic feet per 
second, but the bridges should be built to allow of the increased capacities of 1,000 cubic feet, 
i. e., they should be 38 feet between abutments, and the flooring stjiould be depressed one foot 
below the canal bed^ to meet the ultimate deepening provided under earthwork. As at the 
site of two of the bridges the canal is in heavy digging, the bridge abutments should be suffi- 
ciently high to allow of the roadway being in a level with the country : the style of depressed 
bridge proposed by Mr. Hair is not approved in the deep digging which is encountered on the 
main canal, on account of the difficulty of affording proper drainage to the approaches. The 
esftimatei^ have beeniilodified to provide fot thesfe Altetations. 

All masonry works on the main canal will be built of rubble. 

(b) Branches. 

62. On the Humeerpoor Branch 54 bridges are given, at intervals of 1 i mile ; on the Calpee 
Branch nine bridges, at 1'3 miles apart, and on the Kutound Branch 43 bridges, 1*85 miles 
apart : in all there are 119 bridges at an average distance apart of 1*4 miles. 

According to the provision for regulating the distances at which bridges shaH be placed 
over channels of diverse dimensions, adopted with the approval of the Government of India in 
Circular A. of 1874, there should be a bridge at every mile of these branches, since the bed is 
everywhere under 20 feet. In Bundelkhund, however, roads are few, and in all probability 
the number of bridges allowed by Mr. Hair will prove ample; it is nevertheless deemed 
advisable to enter the full number, and the cost of 42 occupation bridges has accordingly been 
added to the estimate. 

63. The bridges are provided with grooves, fpr use as stop-dams and in other respects 
the designs are good and call for no further remarks. 

64. Except on the first ten miles or so of the branches, good building stone is not procur- 
able ; the works have therefore been estimated at brickwork rates. Good clay for brickmaking 
is reported as not difficult to find, and good kankar lime is everywhere procurable within a 
reasonable distance of the works. {Fide Appendix, page 16 A.) 

III. — IlILETS. 

65. There will be two inlets, one in the 1st mile and the other in the iud mile of the 
main canal, to admit local drainage unavoidably intercepted, Mr. Hair has designed the 
inlets on inclines of 1 in 2, with retaining walls at intervals : with this construction there is 
great danger of settlement, and consequent cracks, which would admit water under the 
masonry; a safer and cheaper construction will be to have a vertical drop down a rectangular 
well, from the bottom of which a culvert will lead to the canal. 

IV. — Djiainagb Syphons. 

66. Two drainage syphons are required, one in the 17th mile of the main canal, and one 
in the 20th mile of the Hamirpur Branch. They are both of the same design which has been 
adopted on the Agta Canal for the Buriah Nala. 

The syphons on the main canal will have to be built 10 feet longer and a foot lower than 
designed, to allow for an ultimate increase in the size of the canal; this alteration will cost 
Bl,500, which amount has been added to the estimate. 

Mr. Hair calculates (Appendix, page 25A.) that this syphon will have to pass off 1^290 
cubic feet per second, and has provided five vents of 30 square feet in section, with a heading 
up of 1'25 feet; this waterway would discharge the whole volume with a mean velocity of 
8*5 feet per second. The calculations on which these figures are based are, however, faulty; 
it is assumed that all the rain that falls will flow off, whereas not more than 50 per cent, is 
likely to do so : the volume to be provided for is, therefore, only 646 cubic feet per second, 
and this will give a mean velocity through the five events of 4*3 feet per secondi which is. 
perfectly safe. 

67. The syphon on the Humeerpoor Branch is provided with three vents of 20 square feet 
each. For calculations see Appendix, page 25A. 
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YI — Falls. 

6S. The falls are all designed of the usual pattern^ and have beeu placed in connection 
with bridges^ whichi should be built below the falls^ and not above them^ so as to avoid un- 
necessary ramps. The crest of the &IJs may be placed just so far above the face of the, bridge 
ibat the water may fall clear of it. A sloping apron of dry pitching should be provided along 
the up-stream fall of the weirs. . • 

VL— Mills. 

69. In connection with the falls native flour-mills will prove very profitable ; they need 
only be of the very simplest construction^.and ^25^000 will amply suffice for all requirements 
under this head. This amount has accordingly been included in the general abstract. 

VIL— Rkgulatoes. 

70. Complete designs for these works are given in the Atlas : one will be required at the 
head of the two principal branches and another ^t the head of the Calpee Branch. 

The designs admit of improvement in the following respects ;— 

(1) The masonry apex should be omitted^ as it ensures a deposit of silt immediately in 

front of the regulator when shut ; and 

(2) The wall connecting the two bridges should be on a much flatter curve. These modi- 

fications will not afiEect the cost of the works. 

VIII.— Tail Works. 

71. Tail works have been entirely omitted from the project, because the ravines into which 
the channels fall extend so far from the; Jum^a, an4 are so high above it^ as to render any 
retrogression of levels too distant a contingency to require present provision. 

IX.-^ESCAPBS. 

72. Mr. Hair proposes to meet the cost of escapes from the allotment for distributaries ; 
but this is quite inadmissible. Allowing an escape for every 40 miles of canal, four will be 
required in all, which with their masonry heads may be taken at filO^OOO each.. B40,000 
has been added to the estimate on this account. The distance from the canals to the adjoining 
rivers is always inconsiderable. 

X.— Inspbction Housbs. 

73. Mr. Hair allows 15 first class inspection-houses ; but as the branch canals are mere 
distributaries, it will be sufficient to allow these large building^ for important situations only. 
These are— 1, the Head-works. 2, the bifurcation. 8 and 4, the head-quarters of the sub- 
divisional offic^i;s in charge of the branch canals. * 

Owing to the nature of the soil in Bundelkhund travelling is a work of some difficulty; 
hence inspection-houses should not be built too far apart. Ten miles are considered a very fair 
day's inarch in Bundelkhund^ and the inspection-houses are arranged accordingly. 

74. On the main and branch canals 16 inspection-houses will be required in sJl^ including 
one on the Calpee Branch; four of these will be first class and li second cli^s. 

As all the distributariies are within easy reach of the. branch canals^ no accommodation 
willl)e required on them beyond patrols' huts, which are provided for every 5 miles or (J!2.) 

44 in all. . , 

75. The first class inspection-houses will, be on the standard plan recently sanctioned. 
The accommodation provided will allow of shelter being afforded to a European officer, an 
upper subordinate, and native office and establishment. 

The second class inspection-houses will be of the standard design recently adopted: The 
accommodation afforded comprises a^centre room 18' x 10', with a dressing-room and bath-room^ 
an open verandah and small room for the native office, a porch over the west door, and a long 
open verandah to shade the east wall. 

Drinking wells will in all probability be required at many of the inspection-houses' sites ; 
10 have been allowed for in the estimate. .^ ; . 

The cost of patrols' huts has been fixed at BlOO each^ which provides for permanent 
buildings. 

al 
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XI. — Temfoeabt Acoommodation. 

76. Dmring the progress of the head-works a temporary settlement will be required at 
Pareecha, and temporary buildings will be required in the branch canals ]f or sub-divisional offi- 
cers and native establishment. 

A plan of the proposed settlement at Pareecha (Sheet No. 13^ revised) has been drawn 
out by Mr. Hair^ but it appears to be compressed within too narrow limits ; a survey of the 
ground on a large scale will be called for and Mr. Hair's proposals modified according to 
circumstances. To allow for possible extra requirements 500 acres have been taken as the 
area within station boundaries. 

77. The extent of temporary accommodation has been limited by the establifihment which 
it is proposed to employ. A detailed list of the buildings provided is given in the General 
Abstract^ pages 20 to 23. The designs for the buildings will be similar to those erected at 
Narora^ the head of the Lower Ganges Canal. Five drinking wells are included in the esti- 
matCj as is also the cost of station roads and drains. 

XII.-— DiSTRIBUTABIES. 

78. The approximate alignment of distributaries is shown on the large maps and on the 
index map; there will be 220 miles in all estimated by Mr. Hair to cost fiSSO per mile. 
Exclusive of land, this appears to be too low, and it is doubtful whether the works could be 
constructed for this amount. B500 would be a safer rate per mile and has been allowed in 
the abstract. 

Including the branch canals, from which direct irrigation will be practised largely, five 
outlets have been allowed per mile of irrigating channel, and this provision should prove ample. 



3J 



SECTION X. 

LAND; TOOLS AND PLANT; BATES, &o. 

I. — ^Land. 

79. The estimate for land provides for the following widths being taken up on the several 
channels : — 

Avenge width. 

Main canal 400 feet. 

Humeerpoor Branch- 
Head to mile 48 110 ,, 

Mile 48 to mile 68 80 „ 

Mile 68 to tail . 76 „ 

Kutound Branch- 
Head to mile 60 96 

Mile 60 to tail . 76 

Calpee Branch 75 „ 

Distributaries •••...•• 40 ,j 

In addition to the land required for channels, the whole area included between the afflux 
embankments, 1,228 acres in all, will be taken up ; 600 acres for Pareecha station and 60 acres 
for inspection-houses, bringing up the total area of land required to 6,477 acres. A rate of 
B26 per acre is allowed by Mr. Hair. 

Land in Jaloun is worth eight years' purchase of revenue {vide Revenue Administration 
Report of Board of Revenue for 1872-73, para. 27), and the aven^ laud revenue is Bl^ 
an acre; the price of land is, therefore, B12 an acre, so that the rate taken in the estimates 
allows an ample margin for other forms of compensation. "With 10 per cent, for contingencies, 
the total cost of land will be fil,60,6l8. 

80. The land enclosed by the afflux embankments will either be planted out or leased for 
cultivation, as may be found most expedient. 

No increased width of land is provided for plantations, but on the main canal the spoil 
bank may ultimately be planted out. 

n. — Tools and Plant. 

81. Mr. Hair estimates that R66,844 only will be required for tools and plant, but he 
has omitted so many essential articles from his list that a revised estimate has been drawn 
up. The total amounts to Bl,49,886, or a little over 6 per cent, of the cost of works. 
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IIT. — Canal Eoadway. 

82. A width of 26 feet is allowed on the main canal, left bank, between the spoil bank 
and edge of canal to serve as a road ; on the branch canals the roadway will be on the surface 
of the country just outside the bank. 

For facility of inspection during construction a strip of land, 15 feet wide, immediately 
outside the spoil will be roughly levelled off to serve as a road. 

IV.— Ratks. 

88. A list of the rates on whicli the estimates have been based is given in Appendix, page 
22A. Mr. Hair's rates for rubble masonry and brickwork have been raised from fil8 and 
20 to fi20 and 25 respectively. 

84. On a project such as this, and in so inaccessible and backward a country, the provision 
for contingencies should not be less than 10 per cent, on tbe estimated cost of the works, which 
has been allowed on all the estimates, except for the head*works, where 20 per cent, has been 
taken to cover the contingencies to which the weir works will.be subject. 

V. — ^Establishment. 

85. It is proposed to organize two divisions; the first division will consist of the head- 
works and main canal, the second will comprise the two branches. A list of the establishment 
proposed for each is given in Appendix, page 22A. The estimated expenditure in the first divi- 
sion is fil4;,00,000, and in the second division B10,00,000, exclusive of tbe cost of establish- 
ment. The first division works will be confined within comparatively narrow limits, while those 
of the second division will be spread over a large area of country and supervision will be more 
difficult. 

86. The cost of executive establishment for three years is estimated at £2,85,166, but 
to allow for direction and contingencies 20 per cent, on the cost of works and tools and plant 
has been entered in the abstract. 



SECTION XI. 

GENERAL. 

I. — Pebldcinaby Wobks. 

87. The total expenditure debited to the Betwa Canal up to date' together with a sum 
sufficient to complete the necessary works of setting out, surveying, and preparing detailed 
designs for distributaries has been included in the classified abstract under the head '^ A., Pre- 
liminary." 

II.— Intbbbst. 

88. A detailed calculation of the interest to be charged to the capital of to Betwa Canal, 
according to the recent orders of the Government of India, is given in Appendix, page 25 A. 
It is assumed that the canal will take three years to construct, and a further period of six years 
before it will begin to pay the full interest calculated in para. 25 of this report, viz., 4*31 per 
cent. The total amount of interest debitable to capital is on these assumptions &7,65,209, 
which includes the working expenses for the first six years. 

III.— CAPmzATiON OP Land Bevbnttib. 

89. The total area of land required is 5,277 acres, w., 2,682 acres in the Jhansie district 
and 2,795 in the Jaloun and Humeerpoor districts. 

From the Board of Bevenue's Beport on the Bevenue Administration for the year 1872-7S 

it appears that the Government land revenue is assessed by the last settlement atBl-7-1 

• FidaD. Settlement Series, Appendix III. per acre in Jaloun, and Bl-S-ll per acre in 

Jhansie, on the area actually under cuitiyation.^ 
In another part of the same report f the land revenue of 569 acres of cultivated land in 

^ ^ „ « . . ,. «, Jaloun is put down at B767, or B 1-5-7 per 

t A. Revenue Senes, Appendix VL,"Lapee8." .^ '^ xvr iii« mln 

acre. We may therefore safely assume SI -4-0 

as the land revenue per acre in Jhansie and BI-8-0 in Jaloun and Humeerpoor. The land 

revenue to be annually remitted is therefore— 

2,682 X 1*25=1^,352 in Jhansie. 

2,795 X 1'5 = „ 4,193 in Jaloun and Humeerpoor. 



Total R 7,546 
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90. The Government of India in Resolution Circular No, 48, dated 24th April 1878, 
ruled that the capital which represents the annual abjitement of land revenue is that sum which> 
if invested in 4 per cent. Government securities at the market value of the day, would produce 
interest equal to the abatement. 

The latest quotations of Government 4 per cent, securities are froxp HlOi to B103-4-0, 

mean fil02-10-0 : hence the amount debitable 
• I02t X 7,645 ^ ^^ B^^^ Q^^^ ^^ account of capitaliza- 

* tion of land revenue is fil,93,576.* 

IV.— General Abstract. 

91. The general abstract has been drawn out in the budget form lately approved by the 
Government of India and is given in pages 90. to 24. A summary of the general abstract, 
to which is added the interest to be charged to capital and the amount due to capitalization 
of land revenue, will be found at page 25. . 

The cost of works, tools and plants and establishment is . R30,26,348 

Interest „ 7,66,209 

Land revenue „ 1,93,576 



Grand Total • „ 39,85,133 

(Thirty-nine lakhs eighty-five thou3and one higidred and. thirty-three rupees.) 
Mr. J. Hair, Superinten4Qnt of, Works, prepared his project with great caria and his 
designs with skill, but the failure of his health rendered it necessary for him to take medical 
leave before the review could be efEected. 

^. fi. OBiSATHED, Colonel, sJ., 
Chief ikgineer. Irrigation Works, If. -IF. Provinces. 
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THE PROJECT 

OF 

THE BETWA CANAL, BUNDELEHAND. 



From CoioVBL W. H. Gbbathed, R.B., Joint Secretary to Government, N, W. P., P. W. D*, Irrigation 
ijrancli, to the Secretary to the Government of India, P. W. Dept.,— No. ISIIW^ dated 12th 
December 1874. .' 

I AM directed by His Honor the Lieutenant-Governor of the North-Western Provinces 
to submit for the approval and orders of His Excellency the Governor General in Council a 
detailed estimate for the construction of the Betwa Canal, with detailed drawings of certain 
of the proposed works, and a comprehensive note by the Chief Engineer which relates the 
history of the project up to the present time and investigates the questions especially raised 
by the Government of India and by the Right Honourable the Secretary of State in your des- 
patches No. 8181 of 4th November last and No. 886 of 21st May, 

2. The submission of these papers has been delayed by the Superintendent of Works 
Mr. Hair, who prepared the estimates, being obliged to take leave to England for the recovery 
of his health in the month of August last, which has laid the burthen of completing the 
investigations on the Chief Engineer. 

8. His Honor the Lieutenant-Qovernor has carefully considered the statements and 

conclusions of the Chief Enigrineer in 
*' From these iourcea the Government of the North-Western Prov- 4. £ xi. j j • ? 

inces so far hack as 1868 had certain knowledge that in a year ^^^pect Ot tne dependence to be placed 
of extremely scanty rainfaU a sofBcient volume of water in the on a Supply of Water in the Betwa suf 
river Betwa for the snpply of the proposed canal can he depended /• .. i. i? iv . « , , 

upon during the three months in which a failure of the regular rains "Cienc tor tne Wants 01 the Canal, and 
ia most disastrous. This supply is a guarantee against famine at aU is confirmed in the Opinion exuresaed in 
times, for it will hring ordinary monsoon grain crops to maturity ,, « ,. vxio u^iiuiou expressea m 

and will ensure the sowing and germination of the spring crops. ''"® ^^^ paragraph Or my letter No. 
In levery yew- but the very worst irrigation will also be afforded C.588W. of the 20th June which is 
throughout the rubbeo season/* *^^^ vuuc, wmcn is 

quoted marginally for easy reference. 

4. It will be seen that Sir John Strachey and the Chief Engineer, Colonel Greathed, 
demur to the statement in paragraph 2 of the Secretary of State's despatch, that in drdinary 
years water would not be required to any great extent for khureef crops, nor be available in 
sufficient quantity for rubbee crops. , 

5. Information regarding rainfall has been sought from the Government of Bombay, the 
Agent to the Governor General in Central India, Political Agent, Bundelkhund, the Deputy 
Commissioner of Sagar, the Meteorological Reporter, and the Board of Revenue, North^ 
Western Provinces, but from none of these authorities, copies of whose letters will be fo\ind 
in the Appendices, page llA., can any statistical information r^arding the rainfaU of 1830 
to 1834 or 1838 be obtained, 

The note made by Mr. Anderson, Superintending Engineer, in 1869, which is quoted in 
the Chief Engineer's report— "The Betwa no doubt was lower during last season thai^ it 
has been known to be for years; some say since the famine of 1837 and 1838—'' is the sole 
result of the very particular local enquiry promised in paragraph 4 of my letter of June above 
quoted and carried out in accordance with that engagement. 

6. Attention is invited to the decided advocacy of the canal contained in the report of 
the Settlement Officer of Jaloun, paragraph 7 of Appendix, page 7A. 

7. The estimate has mounted up to 40 lakhs of rupees* in consequence of the imposition. 
• The exact amount as given at page 26 is of 7§ lakhs for interest and nearly 2 lakhs 

R89,86,183. for capitalization of land revenue j of the pro- 

vision and estimate in minute detail of all subsidiary requirements for the execution of the 
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works^ which did not come into the previoos estimates^ and to a scrupuloos fulfilment of the 
requirements of paragraph 3 of your letter No. 8181 of 4th November 1873. 

8. The Chief Engineer is unwilling, notwithstanding the Settlement Officer's more 
sanguine expectation, to alter the returns of net revenue anticipated in his note .on Colonel 
BrownloVs first report on the Betwa project, found at page 122 of the Proceedings of this 
Government for June 1873. 

9. The estimated capital expenditure being B40 lakhs, the estimated revenue B 1,7 1,000, 
the estimated return amounts to 4*3 per cent.> which will very nearly pay the interest 
of the capital. The revenue thus estimated includes enhancement of land revenue, due to the 
canal, and in consequence no further direct return can be claimed. The other pecuniaiy ad- 
vantages which the canal will afford are stability of revenue where all was insecure, and 
affluence where abject poverty was the universal rule. The value of these results cannot be 
estimated in money, but they will doubtless be allowed due weight by the Government of 
India and the Right Honourable the Secretary of State in Council. 

10. As His Excellency the Governor General in Council is satisfied of the propriety of 
the proposed undertaking, it is unnecessary for the Lieutenant-Governor to say more than 
that he entirely concurs in the cordial recommendation of the project which has always been 
afforded by Sir W. Muir, and recommends the detailed estimates for early sanction. Sir John 
Strachey wishes, however, to guard against the possibility of his views being misunderstood. 
It seems to him that no more obvious duty ever fell upon the Government than that of con- 
structing irrigation works in Bundelkhund, and this Betwa Canal in particular. At the 
same time he does not anticipate that these works will financially prove directly remunerative 
within any time which can now be foreseen. Almost every canal that has been made up to 
the present time in thitf part of India has been, under the existing system, a burden on the 
finances of the Empire, and the Betwa Canal is not likely to be an exception. 

The Srd and 4th parag^phs of the Secretary of State's despatch have been answered in 
paragraphs 6 and 7 of my letter to your address of the 20th June, which has been frequently 
quoted in this despatch. 



From CoLOKBL C. H. Dicebns, R.A., Seoretarj to the QoTemment of India, to the Joint Secretary to the Gov. 
emment of the N. W. P^ in the P. W. Dept., Irrigation Branch, — No. 318-1., dated Simla, 8th 
September 1875. 

I AH directed to acknowledge the receipt of your letter No. 131 IW., dated the )2th 
December last, submitting plans and a detailed estimate, amounting to B30,26,34>8 (includ- 
ing cost of establishment), for the Betwa Canal project in Bundelkhund, together with a com- 
prehensive note by the Chief Engineer on the subject ; and in reply to communicate the 
following remarks for the consideration of His Honor the Lieutenant-Governor. 

2. The quantity of masonry and earthwork provided for the head-works appears to be 
unnecessarily large^ and may apparently be considerably reduced. 

3. The number of bridges, about one to each mile, is considered to be in excess of the 
immediate requirements of a tract of country the traffic and resources of which is confessedly 
undeveloped. Probably half the number would 6u%e for many years to come. 

4. Mills are not a necessary adjunct of the project, though they are always a profitable 
investment if judiciously located. In the present case, when the demand for them arises they 
can be readily built. 

6. The cost of the inspection-houses and temporary shelter appears to be very large, and 
is considered to be capable of material reduction. 

6. The extent of the land to be taken up may apparently be reduced considerably. 

7. It appears that every possible expense required to complete the project in the best style 
has been provided.f or in the estimate ; but it is considered by His ExceUency the Oovemor Gen- 
eral in Council that in a scheme of this character, where the estimated returns are so meagre, it 
will probably suffice to construct such works only as are absolutely necessary for the present. 
If the supply of water is found to be greater than can now be calculated upon for a certainty, 
or a demand arises, as is not improbable, for khureef irrigation, the necessary additions can 
then be made to the works, though the cost would possibly be greater than- if all the works 
were carried out simultaneously now. 

8. In proposing that the amount of the estimate to be sanctioned at first should be re- 
duced; the Governor General in Council wishes that in so doing there should be a record 
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served of what, according to the present aspect of the case, the eventual additional outlay is 
likely to be if the project proves to be a financial success. This will prevent its being supposed 
hereafter that the probability of such outlay was unforeseen. 

9. I am also to remark that the estimated cost of the Betwa project, as reported by the 
Local Government in April 1872, was stated approximately at 17^ lakhs of rupees. Subse- 
quently, in April 1878, it was roughly estimated at SI 8 lakhs. The amount of the detailed 
estimates now received come up, however, to 80^ lakhs. The former estimates have been re- 
turned to the Local Govern ment, and cannot consequently be referred to. I am, therefore, to 
enqiiire to what cause the great difference between the approximate estimates above mentioned 
and the present detailed estimates is chiefly due. 

10. As regards the remissions of revenue in the five districts of Bundlf^khund durino^ the 
12 years from 1860-61 to 1871-72, which are stated to have amounted to 1133,63,989 and 
which are attributed to famines and drought, 1 am to request that the opinion of the Revenue 
officers may be obtained as to the amount due to the tracts affected by the proposed Betwa 
Canal. If the exact figures are not obtainable, an approximation should be given, and the 
probable saving which may be effected in the remission of land revenue in those tracts in future 
years should also be estimated by the Revenue authorities. 

11. I am further to suggest that it may be considered whether it is not possible to reduce 
the cost of the establishments. Except at the head-works, and possibly for the first 20 miles 
of the main channel, the works are similar in character to what would be provided on distri- 
butaries elsewhere, and it seems possible, therefore, to reduce the cost of this item for such com- 
paratively petty works. 

12. 'JThe abatement of land revenue is calculated on the whole of the land to be occupied, 
including that in the Native States which should apparently be omitted. 

13. The proposed arrangements with the* Native States for occupation of land and pay- 
ments for water to be supplied to them should be stated. 

14. The estimate for land compensation should be attested by the Revenue authorities. 

15. The estimate submitted contains no provision for leave and pension allowances, nor 
for charge for exchange on payments in England, if any, for the work. The necessary addi- 
tions should be made to the estimate on this account. 

16. I am directed to forward for consideration by the Chief Engineer copy of a aote^ by 

the Inspector General of Irrigation Works on 
• No. 6 A..I. Q., dated 21gt June 1876. ., . j ^ i i; i.u • i. 

the engineering details of the project. 



Note by Coiohbl J. Cboftoh, R. E.,Inipector-General of Irrigation Works, on Betwa Canal Project.— No. 5 A.i 

dated 2l8t June 1876. 

1. Dam and Eead'foorks. — The maximum discharges of the Betwa in flood is calculat- 
ed at 750,000 cubic feet per second. The calculation is based on a measured discharge of the 
river on the 10th September 1869, which amounted to 45,150 cubic feet per second, through 
a sectional area of 14,492 square feet, giving a mean velocity of 3*11 feet per second. The 
sectional area of the maximum flood is stated to have been 88,018 square feet. The mean 
velocity would, therefore, be ^|^= 8*42 feet per second. These results agree very fairly with 
those deduced from an estimate of the proportion of rainfall running off the catchment, (see 
annexure by Captain Marshall to Colonel BrownloVs note. No. 674^, dated 1st April 1872.) 

Now, in the calculation of the afflux at the proposed weir^ the velocity of approach is left^ 
out, because, Mr. Hair states in a footnote to his calculation, it made no appreciable difference 
in the result. What velocity he assumed in his calculation is not shown in the papers, but 
taking it at 8 feet per second, I calculate that a discharge of 751,908 cubic feet per second 
would cause an afflux of only 4 feet instead of 6^ feet, so that the works on the flanks of the 
weir and the afflux embankments would efeem to be 2i feet higher than is necessary. Ag^in, 
the walls and top of embankment are designed 6 feet above the surface of highest flood. This 
is, I think, an excess of precaution* Three feet, or at the most 4 feet, would be ample. 

If the maximum discharge of the river does not exceed that assumed — and there seems 
every reason, I think, to suppose that it is rather over than under the mark — the height of the 
head-works and river embankments might, according to the above calculation, be safely re- 
duced h\ feet. It is, besides, to be borne in mind that the co-efficient (0*628) used in the 
formula for calculating the afflux is only applicable when there is a deep pool above the weir : 
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and when this pool sflts up, as it will ultimately to a great extent, if not entirely, the velocity 
of the current immediately above the weir will increase to a certain extent, and consequently 
the height of flood will be something less than calculated by the formula. 

This decrease iu height would effect a considerable diminution in the cost of the work. 

2. The alteration in the alignment of the regulating bridge and escape sluices in the weir 
made by the Chief Engineer is a decided improvement on the original design. The water-way 
through the under-sluioes is, I think, too small for a river like the Betwa, where the deposit 
brought down in floods must be coarse sand, and probably shingle, which will need a strong 
current to scour away. 

Colonel Eundall was of opinion that the aggregate width of water-way should be double 
that of the canal regulating head. It is designed in the proportion of 60 to 48 ; and the bays 
of the under-sluices are each 10 feet in width, but only 8 feet in height up to the crown of the 
arches. I would increase the height to 16 feet, leaving the width as designed. 

8. The body of the weir is thicker than is perhaps absolutely necessary ; but in a river 
with so steep a slope, and subject to floods of such magnitude, it is well to be on the safe side. 

The top width might, however, with safety be reduced to 12 feet along nearly one-half 
of the length where its height above the rocky bed is inconsiderable. It should all be built of 
uncouned rubble, which the experience in similar works in Prance and lately in Bombay has 
shown to be much superior to coursed masonry for this description of work. The Doomagoo- 
diem weir, on the Godavery, also goes to prove that good rubble in cement is at least equal to, 
if not superior to, ashlar for the coping. That work has now been standing for about six 
years and has suffered little or no damage, though exposed to exceptionally violent action. 
The cement with which the work was built was manufactuied on the spot from material 
obtained in the vicinity. 

The top of the weir should be countersloped up-stream to facilitate the passages of trees 
or other floating substances over ii The edge is rounded off in the design, but this wouM 
not answer the purpose. 

No provision is made in the estimate for protecting tite bed below the weir from the 
•scour and the impact of the falling water. It is stated that the reef of rock on which the 
work is to be constructed is free from cracks or fissures visible to the eye ; if any sbould hece- 
after be discovered, they must be carefully filled with masonry in good cement. 

Portland cement is estimated for; but if a good cement can be manufactured on the spot, 
it will answer equally well and be mvch cheaper. 

4. A core of puddle is designed along the centre of the afflux embankments. This is 
quite unnecessary. From the levels shown on the plan, it appears that the greatest depth of 
water in the highest flood (in which the afflux is calculated to be 6i feet) standing against the 
embankment would be about 1^ feet only, except in one or two places which are evidently 
isolated depressions of small extent, the deepest of which is not more than 7 feet below the 
surface of flood. The width, too, at top of the bank (20 feet) is excessive : 16 feet should be 
ample on the high portions, 10 feet over the greater portion of the length. 

5. Bridget, — The number of these seema enormous^ loduding those at overfalls and 
regulators, the distribution is as follows :— 





length, 
milM. 


Bbhwu. 




Cbaaneb^ 


At falls and 
regulators. 


Ordinary 


Total 


RttDBvks.. 


Mam Line .... 

Htuneerpoor Branch . 

Katonnd 

Galpee .... 


19* 

78:^ 

11 


2 

11 

8 

1 


7 
67' 
52 

9 


9 

78 
60 
10 


1 in 216 miles. 
1 in 1 mile. 

I ia 0*98 mile. 

II milft. 



In a populous well-cultivated tract, such as the Doab between the Ganges and Jumna, 
experience has shown that it is necessary to provide evossing places to this extent ; but in an 
undeveloped country, with a comparatively sparse population, such as Bundelkhund at present 
is, it can hardly be neceesary to make so large a provision. Probably less than one-half the 
number of bridges estimated for would answer for present wants and for many years to' come. 
With channels so small as these, the construction of additional bridges^ if fecund necessary 
hereafter, will not be a difficult matter. 
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The minimum full supply depth being 4 feet^ fords cannot be substituted for bridges^ 
bat ferry-boats or rafts of inexpensive construction would probably answer all requirements in 
many places. 

6. Falb.'-^Tbe width between abutments or length of crest, including bridge piers^ need 
not exceed the bottom width of channel up-stream. Down-stream it will be better to splay the 
side retaining walls (instead of carrying them parallel to centre line of channel) , so as to form 
a large pool, in which the violent action of the falling water may be deadened. The vertical wall 
at the tail of the cistern should be dispensed with, and the floor sloped up from about the middle of 
its length to meet the level of the bed down-stream. 

7. Drainage sypAofU, — The length of these works might be reduced by omitting the 
road or pathway (it is 8 feet wide) on one bank. 

8. The drop walls and side retaining walls in the falls, as well as the arches of the drain- 
age syphons, if bmlt of brickwork, should be backed with a layer of puddle to prevent absorp- 
tion of water. 

9. Inspeciion*houses.''^¥oT small channels such as these are, no larger than distributaries 
elsewhere, the number of buildings of this class seems excessive. The Chief Engineer states 
that they have been designed at 10-mile intervals, owing to the difficulties of marching 
in Bundelkhund. With a good road along the canal channels, however, there should be 
no great difficulty in getting over 12 to 1 5 miles a day, and if so, the number of inspection- 
houses might be reduced by about one-third. 

Besides, as the anticipated extent of khureef cultivation is very small, the necessity for good 
shelter in the hot weather and rains is not so great as on the other canal systems in Northern 
India. In the rubbee season tents would answer the purpose. 

The temporary accommodation seems very costly for a work expected to be completed in 
2^ years. 

10. Barihworh — There are some long reaches shown on the longitudinal sections where 
it would be advisable, if possible, to carry the bed at a greater depth below surface. On the 
Humeerpoor Branch, from the 5Uth to the 72nd mile, there is little or no digging; also from the 
88i mile to the 92^ mile there is heavy embankment, and of this about 3 miles is altogether 
above soil; on the Calpee Branch, |from the 7Srd to 79th mile the bed is close to the surface. 
The section of the Eutound Branch is fair. 

11. Land occupted.^-The area of land seems to be capable of considerable reduction. 
Four hundred feet in width is estimated for the whole length (19^ miles) of the main channel- 
So great a width seems to be only required on the first 4 miles; on the remaining length, when 
the depth does not exceed 15 feet or thereabouts, 200 feet would be ample. On the branches 
the width estimated for appears to be generally about 30 feet more than is required for the 
banks and channel where the bed ib on the surface of the ground. This can hardly be neces- 
nary unless to give room for plantations, which should be separately estimated for. 

14. Distributaries.^^The cost of these comes t*) (b*W6---j Rg, 733 per mile, a very high 
rate for channels so small aB these must be. 

13. Tools and plant. — The estimate is very large. Dredgers and centrifugal pumps are enter- 
ed, but there is no provision in the estimates for well foundations or unwatering foundations, 
and Mr. Hair states that no well foundations will in all probability be required anywhere ; the 
sections, too, confirm this. Except on a portion of the head-works, the springs appear to be 
everywhere below the level of foundations. 

14. Canal road. — ^This is projected, Mr. Hair states, on the left bank of the channels, but 
no reason for this departure from the usual position is assigned. The roads elsewhere are form- 
ed on the side where the shade from a line of trees would be available during the heat of the 
day. ^ 

Prom the Secretary to the Government, N. W. P., P. W. Dept, Irrigation Branch, to the Secretary to the 
Government of India, P. W. Dept.—, No. C.345W., dated 2dth Jane 1876. 

I AM directed to acknowledge the receipt of your letter No. 3l8I., dated 8th September 
1876, conveying the orders of the Government of India upon the estimate of the Betwa Canal 
project, and to communicate replies to the various points raised in that letter, as well as to the 
criticisms of the Inspector General of Irrigation Works forwarded with it. 

i. The criticisms of paragraphs 2, 8, 5, 6, 7, and those of the Inspector General are 

replied to in a Chief Enffineer's note* bv 

•No. Cl 454. dated 6th November 1875. r» i i n 4.1, j u 1 • ^ 

■• Colonel Greathed, whose conclusions appear to 

His Honor the Lieutenant-Governor to be well founded. 

pl 
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3. Pending further instructions, therefore, the Chief Engineer has not been required to 
carry out the orders of paragraph 8. The Lieutenant-Governor would prefer to avoid the 
necessity ot reducing the scale of the works, which will involve a great deal of re-estimating 
and preparation of new plans; while at the same time it will be a difficult matter to predict 
with any certainty the cost of extending the scale if requisite at a future period, when a 
similar increase in rates may have occurred in the districts irrigated by the Betwa Canal to 
that which has taken place in the Ganges Canal districts, and which is well exemplified in the 

• Pm^ A ip.k.„..„ iQ^A M. on ^ correspondence* regarding the cost of restoring 

• frogs, rr-, February J 876, Nob. 20-7. xi. o i i i ^ -^ • • i i-.. 

^ the Salawa lock to its onginal condition. 

4. With regard to paragraph 9, I am desired to point out that the project of 1872 was 
roughly estimated at 1 7i lakhs, without any items being specified. The second estimate of 
1873 amounted to fil4,£9,290 for works, and was brought up by Colonel Brownlow to 
18 lakhs by adding fi3,57,8*22 for tools and plant and establishment. The following state- 

t Frogs ■^, June 1873. No. 67. °^®°* compares the items given inf Colonel 

Brownlow's abstract of the cost of the weir, 9^ 
miles of main canal, and Kutound branch, with the corresponding items of the project as now 
submitted : — 



Itemi. 


Estimate of 
1878. 


Present erti- 
mate. 


Weir and head-worka . 
InspectioD houses • • 


• • • . 


• ■ • • 


. 


R 

6,17 noo 

1^8600 

t,600 

»,mx) 

1,600 

36,000 

67,000 

2,87,600 

43,0<)0 

26,000 

9,000 

2,12,600 

63,126 

... 


R 

7,79,123 


Assistaut Engineer's bungalow 

Workshop 


37,236 


Workmen's huts • . . • . 


81,166 


Bridges — main loaual •.••.....,. 




Ditto— Kutound 


70,664 


Ezcayation 

Land .... 

Drainage works • 


« • • . 

. • • • 


. . . . 


• 
• 


96,846 

3,71,006 

92,236 


Sleepers, Ac. .,..---.-- 


17.901 


Establishment . 
Tools and plant . 
Preliminary works • 








3,47,276 

82,686 


Falls, weirs, and rapids 
Escapes . . , • 
Mills .... 
Outlets .... 




Total 


, 


43,000 
27,132 
20,000 
12.600 
6.000 




12,88.126 


20,83,668 



It will be seen that an excess occurs on every item, bu* especially on head-works^ tempor- 
ary accommodation, excavation, and establishment, and that in the first estimate many 
items were omitted. The explanation of the differences is that the first estimate was avowedly 
drawn up roughly, while the present one has been drawn up with great care and with great 
attention to the rates. 

6. In compliance with the orders of paragraph 10, 1 am directed to forward the corres- 
Secretary to Board's Noe. 263-17.-17 and 828-IV.-17, pondence marginally noted, respecting the 
dated 16th and 28th March 1876, and enclosqre. remissions of revenue due to drought in the 

tracts to be irrigated by the proposed canal. It is stated by the district oflScers that the 
remissions of revenue in the tracts affected by the canal amounted to fi3,460 only. It will 
be seen that in this statement the actual revenue remitted on account of drought only has been 
taken into account, whereas in the statement from ^hich the figures of the Chief Engineer 
were taken, and which is printed in Proceedings of this Government ( A, September 1873, No. 
101), the remissions quoted include revenue remitted on every account, as remarked in the para- 
graph at the foot of the statement; and the Commissioner of Jhansie, commenting on the 
figures now given, observes that although the actual sum remitted for drought amounted to so 
small a sum, yet the amount of revenue suspended on account of drought and afterwards 
realised represents a load of everJncreasing debt for the people which might have been warded 
off by the canal. 

6. The estimate for compensation for land is also attested by the district authorities in 
the above correspondence as required in paragraph 14 of your letter. The Lieutenant-Gov- 
ernor approves of a retention of fi6 per acre margin as proposed by tl^e Chief fiugineer. The 
total cost of lau4 is reduced in th^ estimates by fi60,248. 



Digitized by 



Google 



BETWA CANAL PEOJEOT IN THE NORTH-WESTBEN PROVINCES. 117 



7. Paragraph IL — The Oovernment of India suggests that the cost of establishment 
should be reduced ; but the Chief Engineer clearly shows, in the enclosed note, that such a 
seduction is impracticable* 

8. Paragraph 18. — The total area of land in Native States is^- 

For channels 937*72 

Head-works and Pareecha station 1,728'00 



Total . 266672 

Omitting this from the calculation, the capitalised value before calculated for the whole area 
will be reduced to ttl,0d,7£8, which should now be substituted in the estimate. 

9. Paragraph 13. — It appears to this Government premature to suggest arrangements for 
the supply of water to the Native States until the project is further advanced. The subject 
will be considered in due course as soon as the position of channels is definitely fixed. 

The charge to be entered for leave and pension allowances will, under the orders of Public 
Works Circular 2 of 1876, be ^5 per cent, upon establishment, or M|§^ =fil,26,098. No 

charge for loss on exchange need be entered, as it is not at present intended to obtain any 
stores from England. 

The adjustments and reductions effected in the estimates reduce the amount to 
]t39,43,304, for which the sanction of the Government of India is solicited. A copy of the 
project is submitted in which the figures have been corrected in the abstracts, pages 20-25. 

Finally, the Lieutenant-Governor desires to remark that the country in which these 
works are to be carried out is one of the least accessible parts of the North- Western Provinces, 
only to be got at by a metalled road from Cawnpore, which is distant 150 miles. No large 
public works have ever been constructed in Jhansie and Jaloun. All skilled labour, much of 
the unskilled labour, all timber, manufactured iron, and machinery, has to be imported. The 
cost of these works will necessarily be higher rather than lower than those which are con- 
structed in the civilised tracts of the Doab; and Sir John Strachey considers that Colonel 
Greathed has exercised a wise discretion in framing his estimates with a liberal margin. The 
Lieuteoant-Govemor is of opinion that the sum entered should stand, so that all contingent 
expenses may be covered. 

Note by Colonel W. H. Obsathep, C.6., R.E., Chief Engineer of Irrigation. N. W.P., on the Betwa Canal,— 

No. C.1450iW., dated 6th Novemher 1875. 



Bewuirh* on the Inspector GeneraVe Note on Designs. 

1. CoLONKL C&OPTON Considers that the height of the head-works and of the river embank- 
ments against afflux may be lowered 5| feet in height. This recommendation is based upon 
three assumptions : — 

I.— That K. L. 761-908 is the highest possible flood. 
II. — ^That the rainfall adopted as a basis of calculation in Colonel Brownlow's note of Ist 
April 1872 is a maximum, and that the proportion there supposed to run off 
cannot be exceeded. 
III. — ^That the bed of the river in front of the dam will silt up. 

Concerning flood volumes and rainfall, our observations are so limited in extent as to be, 
in my opinion, unreliable as maxima. We know from experience how invariably '' unprecedent- 
ed" floods occur in large rivers of which the phenomena have been closely studied and 
watched for a series of years, upsetting all calculations. Something of the kind has even now 
occurred, I believe, on the Beas ; and in the present state of our experience of the Betwa, I 
am unwilling to base designs on any close estimate of probable highest flood. 

The subject was very carefully considered when the designs were determined, and I am 
not prepared to relinquish any of the margin of safety given to the head-works. 

Regarding the possible silting up of the Betwa in front of the dam we have no experi- 
ence, I believe, to guide us. Nowhere, as far as I am aware, has the stream of such a river, 
filling during the flood season, a rectangular rock channel forty feet in depth and moving 
with terrific violence, been barred by any artificial work : and no experiments ever yet made 
can certify what the velocity of such floods will be at the bottom of such a channel. 

On this point turns the question whether, and, if at all, to what depth the shingle brought 
down from the Vindhyas can rest on the bottom of the river and raise the bed in front of the 
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weir. Colonel Crofton would have the works designed on that assamption. I cannot rely on 
a conjecture that the afflux will never be more than Is calculated by the Inspector General^ and 
prefer to maintain the provision of the estimates. 

2. Colonel Crofton's proposal to double the height of the uuder-sluice openings. 

The under-sluices for scouring the river-bed in front of the canal or head-sluices are six 
openings of 10 by 8=480 square feet. With a low velocity of 5 feet per second they will 
dicharge 2,400 cubic feet per second, which is the whole volume of the river in September 
(nearly), except when there is a freshet. The velocity when the sluices are 10' x 8' is calcu- 
lated at 11-82 feet per second, and when they are 10' x 18' it would be 11-50 feet per second, 
or practically the same. It will not be desirable to open the weir sluices, excepting in falling 
floods, and their capacity as designed is four times that of the canal supply. The object of 
an enlargement is not apparent. 

8. The strength of the body of the weir is purposely in excess of the minimum of safety. 
The top width was studiously designed of width sufficient to afford a roadway during the 
eight months of the year in which it will be dry, for which purpose 12 feet would be insuffi- 
cient. It is therefore unadvisable to diminish the proposed surface width of 16 feet. 

It was intended to construct the weir after the manner of that at Furens, the masonry 
courses being broken in all directions. The term coursed-rubble indicates that the work will 
be constructed with the largest self-bedded stone procurable, and not with small irregular 
stones, which cannot be dressed, as is usual in uncoursed or random rubble. Portland cement 
IS necessarily estimated for because it is not known at present that sufficiently good cement 
can be obtained on the spot. 

4. The embankment on the right bank follows the road from Bhetre and taps a range of 
hills from which rubble stone could be obtained. It was therefore designed with a top width 
of 20 feet, in order that it might be used for traffic. A similar reason fixed the width of the 
bank on the left from the weir to Pareecha and on to the metalled road. As the Customs 
hedge divides the bank from the road above this point, it would be a boon to the cultivating 
community to make the ba^nk of sufficient width for carts to pass along, and the possible sav- 
ing to be effected is quite unimportant. 

5. The number of bridges is determined by the probable wants of the country when 
irrigation is developed. The experience of the Ganges Doab has led to the establishment of a 
scale according to which the intervals between bridges diminishes as the bed width of the 
channels, and consequent cost of structures becomes less. The same scale is applied to the Betwa 
project, for the same requirements will arise as the population bordering that canal increases. 
The bridges are occupation-bridges, required for communication between the severed lands of 
an estate ; it is provided in the report of the estimates that they would only be built tis re- 
quired : the accuracy of the estimates as financial indicators will be vitiated if due provision is 
not made for bridges. Rafts and ferries are ii;npossible in these small channels, which would be 
choked by them and would in this situation be more costly than bridges : for a ferry requires 
a man in charge, besides constant repairs, if there is anything temporary in its character. If 
it is a pontoon raft plying between metalled approaches, it only pays where the channel is wide 
and bridges costly. It was contemplated that foot-bridges may be substituted in most cases, 
but our knowledge of the country is not sufficient to determine whether this is the case, or to 
what extent. The Chief Engineer is unwilling to alter this part of the estimate. 

6. The falls are designed in the manner habitual in the North- Western Provinces, with a 
length of crest equal to the mean width of the channel. If the proposed alterations were car- 
ried out, there would be a saving (ex. the fall in first reach of Humeerpoor Branch) of Bs« 367 
on an estimate of fi6,835, against which there should be a set-off for additional cost of re- 
pairs caused by increased velocity at the fall tail. Splayed wing walls have been given up on 
the Ganges Canal and straight ones adopted. The Inspector General's recomendation that 
the walls in these falls should be splayed is opposed to our experience and practice. 

7. The proposed reduction of syphons by 8 feet in length would save 31665 at mile 
16^ of the main canal and &204 at mile 89 of the Humeerpoor Branch, which would not com- 
pensate for the inconvenience of narrowing the normal width of the canal bank. If the canal 
banks were very high and the cost of maintenance of full width considerable, the case would 
be different. 

V 8. The distance fixed between inspection-houses was the result of mature consideration of 
the character of the country and of the distribution of the irrigation which will have to be 
managed and examined from them. There will be no good road along the canal bank beyond 
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the first 19 inileSj bat in the rains very bad roads on the level of the ooantry^ at the foot of 
the banks^ which are too narrow for the purpose. There ate onij two first class inspeotioii. 
houses. The remainder are rest-houses^ and if they are built further apart than they are de- 
signed, others will have to be interpolated to allow of a proper management of the irrigation^ 
which is at right angles to the oanalsj covering a great number of distinct minor Doabs. The 
inspecting officer will have to ride up a distributary and back before he finds shelter^ and if he 
has a long ride on the canal bank besides^ the labour will. prejudice the work. Further consi-> 
deration will show that the number of inspection-houses is really very pmall, for none have 
been allowed on distributaries, but all have been brought up to the canal banks, to serve also as 
staging-houses. 

9* The temporary accommodation does not appear susceptible of reduction. (See projecti 
page 16; paragraphs 76 and 77.) It is almost entirely at the weir. Everybody employed on 
the weir must be housed; the neighbourhood affords no sort of help^and iieason&ble sheltet is in- 
dispensable for men who have to endure the force and glare of a Bundelkhund sun on the white 
rocks of the bed of the Betwa. The extreme moderation of the workshop arrangements has 
not been noticed by the Inspector (General. It is the point of the estimates on whose suffi- 
ciency I have the greatest doubt. 

10. The canal canot be a cheap one. A vast weir to raise a very small volume of water 
must make it a barely remunerative undertaking. 

11. The only practicable savings in earthwork appear to be from mile 59^ to 72 of 
Humeerpoor Branch road, and from mile 88^ to 92^ of Calpee Branch, on which lengths the 
depth of digging may be diminished 2 feet. 

R 
Humeerpoor Branch .... 18,476 The savinfiT wiU amount to B 17, 831. 

Calpee ditto .... 4,856 ^ ' 

12. In estimating land no more has been taken than is requisite to allow a m&igin for 
borrow-pits and for repairs. For instance^ on the Humeerpoor Branch from the head to the 
beginning of Calpee Branch a width of 110 fe6t is provided, viz. -.-^ 

Feet. 

Width between outside foot of banks 58 

Add for road .25 

Leaving a margin of 30 feet 83 

And on Calpee Branch: Width of bed and banks .... 52 
Add for road during constmction • • • • • . .25 

Leaving a margin of 18 feet ........ 77 

the estimates cannot bear any reduotion of quaiitity^ but tbe price per acre hm9 been 
lowered from B25 to B15, which leaves a margin for establishment, rific in ra^es, &c., on 
the Commissioner's estimate of BIO. The estimate is reduced from B 1^50,618 to B90,S70>. 
The reduction is not a real one, for the compensation payable for land is governed by special 
rules and is quite independent of the estimates. . 

IS. Tooh and plani.r^T!h& longitudinal section shows that a portion of the head-works, 
the three first bridges, and an inlet will have their foundations below spring-level', and unwa- 
tering, therefore, will be necessary. It is possible, too, that the two syphons will have to be 
founded below spring-level* As it cannot be said what the f dree of the spritigs ie likely to 
prove, it is only an ordinary precaution to provide for the purchase 6i two pumps; of course 
they would not be bought if not actually required. Again, the fact of some foundations being 
in saturated soil indicates the probability of more or less dredging being required. Fifteeti 
drinking wells have to be sunk, and it is likely that more will be needed at some of the larger 
works. These considerations and the area over which the works are scattered show that a 
provision of 10 dredgers is ndt excessive. 

14. Eitablisiment.'-^he provision made in the Chief Engineer's estimate is the now 
established rate of 20 per cent, on the cost of works and tools and plant, B5,04,S91.* 

The cost caniiot possibly be reduced below that proposed by the Superintending Engineer, 
which is for executive establishment alone taken for three years, R2,85,I56t 
To which must be added Direction and Accounts 5 per cent. 

on works .•.....•„ 1,10,538 

Total . ,» 3,95,694 



• See page 24A. of Appendix to Betwa Project. | f See p. 22A. of Appendix to Betwa Projeet 
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Suppose (which is highly probable) that the work occupy four years in execution^ then 
the cost of establishment would be increased by B95^052, making a total of fi4,00|646. 

Or the failure of health of two or three Engineers (which must be looked for in works in 
one of the hottest regions of Northern India ) would double the charges for their salaries^ and 
so exceed the minimum amount above specified. It is not practicable to reduce the amount 
provided in the estimates. 

15. It is but just now that the Government of India has succeeded in introducing a 
system of complete and accurate estimate which includes all probable charges ; and there can- 
not but be risk of retrogression in this important matter if a Chief Engineer is required to 
make a complete estimate for one scheme and a less complete estimate for linother. 

There is no safety save in the hard-and-fast line of completeness ; and I submit, with 
every respect for the professional advisers of the Government of India, that the proper course 
is that estimates for all works without exception should include all probable charges. 



OPINION OF REVENUE OFFICERS ON CERTAIN POINTS CONNECTED WITH THE BETWA 

CANAL PROJECT. 



(Appindix to Chibf Bitginbeb's Notb No. C.-1480-W., bated 0th Noyxmbeb 1876.) 



From C. H. T. Cbosthwaitb, Esq., Officiating Secretary, Board of Revenue, N. W. P., to Colohbl W. H. 
Gbbathbi), C.B., R.E., Secretary to Government N.-W. P., Irrigation Branch,— No. 263-IY..I7, dated 
Allahabad, the I6th March 1876. 

In reply to Government Order No. C.1S91W. of 20th October last, regarding the Betwa 

Canal project in Bandelkhund> I am desired 
Allahabad Commiisioner'B No. 1560, dated Sirt by the Board to forward the papers noted on 
December, 1876, and endosare. ., - j £^ a\^ r^ • • 

Jhaniie CommiMioner'i No. 86, dated 16th Pebru- the margin, received from the Commissioners 

ary, 1876, and enclosure. , , , i^ ^. ©f Allahabad and Jhansie, and to state that the 

Copy of Deputy Commusioaer, Jalonn'e No. 64^ ^ n <. . •■ « 

dated 4^ Maich 1876. remissions on account of famine and unfavour- 

able seasons in the tracts affected by the pro- 
posed Betwa Canal in the Humeerpoor, Jhansie, and Jaloun districts amounted in the course 
of 12 years to BS,460-2-2 only^ the whole of which amount was remitted in the Jhansie 
district. 

The Board consider that the estimate of compensation at B25 per acre is well over the 
mark^ the rates per acre, as estimated by the local officers, being in Humeerpoor (1) cdtivated, 
B21 ; (2) culturable, B8 ; (3) barren^ Bl-8-0 ; and in Jhansie fil5, or BIO all round. 



From G. H. M. Bicebtts, Eeq., CommiBsioner, Allahabad Division, to C. H. T. Cbosthwaitb, Esq., Officiating 
Secretary to the Board of Revenue, N. W. P.,— No. 1560, dated Allahabad, the Slat December 1876. 

In reply to your endorsement No. 700-IV-81 of November 12th, I have the honour to 
submit the information called for from the Collector of Humeerpoor. It will be observed that 
the proposed canal will affect only that very small portion of the Humeerpoor district adjoin- 
ing Jaloun and situated on the IdEt bank of the Betwa. 



From W. Katb, Esq., Officiating Collector, Hnmeerpoor, to Thb Hov'bIb B. Dbummohd, Commissioner, 
Allahabad Division,— No. 686, dated Haroirpur, the llth December 1876. 

In reply to your letter No. 340^ dated I8th November 187 5, 1 have the honour to state 
that from 1860-61 to 1871-72 there were no remissions of revenue on account of drought in 
the tract affected by the proposed canal in this district. 

The average revenue-rate for cultivated land per acre in the tract above mentioned is 
B 1-1 2-0. Taking the profit at an equal amount and allowing 12 years' purchase^ the 
compensation would amount to fi21 per acre for cultivated land. The compensation for 
culturable land would amount to, perhaps, B8 an acre, and that for barren lands Bl to 
B2 an acre. 
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From A. R. S. Pollock, Esq., Commissioner, Jhansie Division^ to C. H. T. Cbosthwattb, Enq., Officiat- 
ing Secretary to the Board of Revenue, N.-W. P.,^Docket No. 86, dated Camp Hudruklo, the Itfth 
February 1876. 

With reference to his No. 701-IV.-81, dated 12th November last, forwards copy of 
Deputy Commissioner of Jhansie's letter No. 319, dated Ist instant, with annexure, and inti«* 
mates that the report of Jaloun district will be submitted when received. 



From CoLOVBL J. Davidson, Deputy Commissioner, Jhansie, to A. R. S. PoLloge, Esq., Commissioner, 
Jhansi Division,— No. 319, dated Jhansie, the 1st February 1876. 

I HAVE the honour to acknowledge the receipt of your letter No. 881, dated $tnd December, 

forwarding copy of Board's No. 701, dated 
• Sent to Deputy Commissiooer. Jaloun. 12th November, with printed papers^ relating 

to the Betwa Canal project, and calling upon 
me to furnish the information required by paras. 10 and 14 of Government of India's letter 
No. 318-1. of 8th September last. 

2. Para. 10 refers to the amount of remission of revenue in the five districts of Bundel- 
kbund during the 12 years ending with lh71-72, attributable to famine and drought, amount- 
ing in all to fi33,63,989, and my opinion is called for as to the amount due out of this sum 
to the tracts affected by the proposed canal, and also as to the probable amount of saving in 
future years on the remission of land-revenue in those tracts. 

3. I have been in communication with the Executive Engineer, Mr. Dubus, on the 
subject, and I beg to enclose a list of the villages, 24 in numberi which he thinks may be 
fairly included in the estimate as capable of irrigation from the canal. Mr, Dubus originally 
included only 16 villages of pargana Moth, but the eight now added can, in his opinion, be 
watered by a special distributary at no great additional cost, all these 24 villages being on the 
level lands away from the ravines of the Betwa» 

4. I also append a statement showing the amount remitted in this tract during the 
period in question on account of drought or famine. The amount is very small : — 

fi a« p. 

In 1864.65 .. . . • . 2,616 2 2 

and in 1781-72 . . . . . 844 



Total . 3,460 2 2 



This amount, spread over a period of 12 years, gives an average of only R288 per 
annum. 

6. In these 24 villages the area, cultivated and culturable, which is at present not irri- 
gated in any way amounts to 21,227 acres. Of this Afr, Dubus assumes that two-thirds will 
ultimately be benefited by the canal. But I do not think he has made sufficient allowance for 
khureef lands, which in ordinary years would take little or no water. If, therefore, one-third 
be assumed as the area which would take water for rubbee crops, it would amount to 7,076 acres. 
This is a matter beyond the scope of the inquiry I am called on to make, but I mention it as 
showing that the average of a few hundreds of rupees per annum for remissions of revenue 
would, as a matter of course, be saved to Government, besides the direct returns from water- 
rates. 

6. Para. 14 calls for an attestation of the estimates for land compensation. The rate 
allowed by Mr. Hair is B25 per acre, and without knowing the details of the land to be 
taken up under the headings of cultivatedi culturable, and barren, it is not easy to fix the amount 
with any precision. It will, perhaps, be sufficiently near the mark to take the jama rate per 
acre all round on the malguzari area, which averages in the 24 villages about Bl per acre. 
This multiplied by 10 for 10 years' purchase gives BIO per acre, and if to this be added 
R5 per acre for cultivators' rights, 8bc., the total comes to only B16, or BIO less than Mr. 
Hair's estimate. 
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List of Fillagei capable of Irrigation from the Bettoa Canal. 



8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 



24 



VUla^M. 



Moth 

Nari 

Bbiptft • • •« • • • 

Elamtari 

Pahargaon • . . . 
Kunck • • • • • 

Ehilli Kalian . . . . 

Tori 

Gulpura 

Ahraali 

Silari 

Ahrora 

Saina 

Tanda 

Amkhera • • • » 

Barthari • . . . 

Nimonia • . « • 

Patharra . . . . 

Eumrar . . • • 

Bamroli 

Buraoli 

Ptdgahna 

Belma 

Basona . . . . • 

TOTIL 



Gulttur- 



195 
234 



137 

384 
97 

121 

149 

24 

87 

142 

77 

190 

170 

284 

266 

21 

166 

612 

246 

127 

82 

277 

43 



Calti- 
▼ated. 



1.281 

1,224 

604 

608 

2,001 
1,464 

452 

566 
163 
279 
333 
174 
607 
435 
304 
304 
491 
915 

1,052 
794 
895 
809 

1,174 

405 



Total un« 
irrigated. 



1,476 

1,458 

566 

645 

2,385 

1,561 

573 

715 

187 

366 

475 

251 

797 

605 

588 

570 

512 

1,081 

1,564 

1,040 

1,022 

891 

1,451 

448 



21,227 



BemlBsIom granted from 1860-61 to 
1871-72. 



In 1864.66. 



B 



Drought 
251 

Drought 
356 3 11 

Drought 
747 4 
Drought 
550 



Drought 
711 10 3 



2,616 2 2 



In 1871-78. 



R a. 



Famine 
511 

Famine 
333 



844 



From Colonel A. G. Davidson, Deputy Commissioner, Jaloun, to A. R. S. Pollock, Esq., Commiasioner 
Jhansie Dirision, — No, 64, dated Jhansie, the 4th Maroh 1876. 

I HAVE the honour to acknowledge the receipt of your docket No. 86, dated 12th ultimo 
with which you enclosed Bevenue Board^s endorsement No. 701-iy..81^ dated 12th November 
with annexures and printed correspondence, and reply as follows. 

I have had examined before myself the accounts of remissions granted to the Jalonn 
district from 1862-63 till 1869-70, which amount to Sl,07,333-10-9, but I find that no 
remissions of revenue have been made in this district for years of &mine or for unfavourable 
seasons. All the remissions were made for reduction of jama consequent upon revision of 
settlement and for lands taken up for public purposes during the famine year of 1868-69. A 
portion of the year's demand, amounting to B2,38,815, was suspended pro tern., but the 
whole of this was collected in subsequent years by instalments, and from 1869-70 till the 
present time no remissions of the nature enquired about have been required or made: hence the 
remissions made in the districts of Bundelkhund during the 12 years and amounting to 
BS3,68,989. None of this amount is debitable against the Jaloun district 

In this view of the case, supposing 12 years in the immediate future with similar seasons 
to the past 12 years under report, the revenue of the district would be realized in full: hence 
there would be no probable saving to be effected by the cessation of remissions, none having 
hitherto been made. The rate of B25 per acre allowed in the estimates for land compensation 
would be ample to cover all demands of this kind. 

I append the translation of the B«venue Accountant's report as to no remissions for un- 
favourable seasons having been made in Jaloun. 



From C. H. T. CBOSTHWiitB, Esq., Officiating Secretary, Board of Revenue, N. W. P., to A. Colvin, Esq., 
Officiating Secretary to Government, N. W. P.,— No. 328-IV.-17, dated Allahabad, the 28th March 1876. 

In continuation of my No. 263, dated 16th instant, I am desired to submit, for the in- 

^^ . ^ . . ,, , , formation of Government, a copy of the letter 

Jhansie Commifl8ioner*fl No. 198, dated 13th March «^i.^ • xu^ ^ • m. 1 js i.i t> . 

igiyg ' noted m the margm. The report of the Deputy 

J. -xi XI T» -., I. , Commissioner of Jaloun was forwarded to Gov- 

ernment with the Board^s former letter. 
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From A. K S. Pollock, Esq., Commisaioner, Jhansie Divisioii, to C. H. T. Cbosthwaitb, Esq., [Officiatiog 
Secretary. Board of Bevenue, N. W. P.,— No. 198, dated Jhansie, the 13th March 1876. 

With reference to your endorsement No, 701-IV.-81, dated 12tli November last, with 
which you forwarded printed papers connected with the pSetwa Canal project, and called for 
opinion as to the portion of the B33,63,989 of remissions of revenue made in the five districts 
of Bundelkhund during the I'Z years from 1860-61 to 1871-7 2| which is due to the tracts which 
will be affected by the proposed Betwa Canal, I have the honour to forward, for the information 
of the Board, copy of the report of the Deputy Commissioner of Jaloun. A copy of the report 
of the Deputy Commissioner of Jhansie was forwarded with my docket No, 86 on the 16th 
February 1876. 

2. The Board will observe that the proposed canal will only irrigate land in 21 villages 
in the Jhansie district; that during the 12 years referred to remissions on account of drought 
were made on account of these 24* villages to the extent of 93,460 only, or at the rate of 
fi288 per annum. 

3. It is hardly worth while to delay the submission of this report by ordering inquiries to 
be made as to the exact amount of savings which would have been effected in this small tract 
if the canal water had been available during those 12 years, but we may fairly presume that 
upwards of half of the loss would thereby have been avoided. 

4. In the Jaloun district the Deputy Commissioner reports that no remissions whatever 
were made during the period under report on account of drought. But on account of the 
drought of 1868 temporary suspension of the revenue demand for 1868-69 was made to the 
extent of B2,38,815, the whole of which was, however^ subsequently recovered by instal- 
ments. 

5. The Deputy Commissioner does not attempt |to ehow to what extent this large sus- 
pension might have been reduced if canal water could have taken the place of absent rainfalls 
nor do I think it possible that any approximate estimate could, without a veiy elaborate enquiry, 
be formed of the result of such a condition. 

6. But there can be no doubt that the canal water would have saved at least one-half of 
the tract affected, and the result would have been a large increase to the food-supply of the 
district and division at a time when scarcity and the greatest distress existed in these parts. 

7. Besides, although the Government revenue for 1868-69 was all collected eventually, 
there is nothing to show to what extent the arrears were liquidated with money borrowed from 
bankers and banyas, which will burden the zemindars for years with an ever-increasing debt. 
Such was certainly the ease in the Jhansie district, and if remissions had been made more 
liberally, instead of the demand being enforced to the last farthing, much of the indebtednese 
of the present time w(j>uld certainly have been avoided. 

8. But the question asked by Government is, what portion of the B33,63,989 remitted . 
by Government in Bundelkhund during 12 years would have been saved if the Betwa Canai 
had during that period been in existence ? And the reply to that question is, that the direct 
saving to Government^ if the canal water had been available, as regards actual revenue, would 
have been next to nothing, for out of that large sum remitted apparently only £8,460 waa 
on account of land which will come within the influence of the canal-irrigation. 



From the Gbyemment of India, P. W.Dept., to the Secretary to the Government of the N. W. P., P. W. Dept.* 
Irrigation Branch,— No. 457 I., dated the 23rd October 187(^. 

I AM directed to acknowledge the receipt of your lett^ No. C.345W. of the 28th June 
last, replying to the orders of the Government of India on the Betwa Canal project and 
soliciting sanction to an estimate of B39^43,804t for carrying out the work. 

2. In reply I am directed to state that the Government of India considers the present 
project to be much too costly an undertaking to admit of its being constructed from the 
'^ Ordinary'^ grant; and as tho anticipated earnings are too small to allow of the work being 
classed as " Extraordinary,'' the Government of India regrets its inability to accord sanction 
to the project in its present form, and would suggest that a less expensive scheme be prepared 
and submitted for the consideration of His Excellency the Governor General in Council. 
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Prom C. Andbbson, Esq., OffioiatiDg Secretary to the GoTernment of the N. W. P., P. W. Dept., Irrigatioa 
Branch, to the Secretary to the Government of India, P. W. Dept.,— No. C. 1250W., dated the llth 
Deeemher 1877. 

WitH reference to your No. 4571., dated 23rd October 1876, returning the Betwa Canal 

estimatei I am desired to forward a note^ by the 
♦ No. C. 1249W., dated llth December 1877. /^/^ •*• r»i,'*i3i • j i.* i.i*T^ 

Officiating Chief Engineer, and an estimate whichi 

in the opinion of His Honor the Lieutenant-Governor, gives the lowest possible figure at which 
the Betwa Canal can be constructed. 

2 I am desired to call particular attention to paragraph 8 of the Officiating Chief 
Engineer's note, and to state that, as the scheme is represented to be less promising than other 
projects in the North- West Provinces, and as, in the event of a famine, work for the people 
will be provided by the system of light Railways which is now in contemplation, the Lieuten- 
ant-Governor would deprecate, in the present state of his finances, being called on to under* 
take a work which, when all irf said and done, " may possibly just pay its expenses. '' It is 
certain that it would remain unremunerative for many years, during which period this Govern- 
ment would have to pay the interest on the capital embarked in the scheme, and this is a 
liability which His Honor is unprepared to meet, at all events for the present. 



Note by C. Atf dsbson, Esq., Officiating Chief Engineer, N. W. P., P. W. Dept., Irrigation Branch, on the 
Betwa Canal, No. C. 1249W., dated the llth December 1877. 

The detailed estimate of the Betwa Canal was first submitted to the Government of India 
with letter No. 1311, dated 12th December 1874. This estimate amounted to 1139,85,188. 

2. The estimate was returned by the Government of India under cover of letter No. 
8181., dated 8th September 1876, with a note by the Inspector General of Irrigation, in which 
the project was criticised and certain possible reductions indicated. 

8. With North-Western Provinces letter No. 845 W., dated 28th June 1876^ was sub- 
mitted a second estimate amounting to B39,4S,304, and a note by Colonel Greathed, in 
which that officer replied to the several criticisms of the Inspector General. Sanction to this 
second estimate was solicited. 

4. The Government of India, in returning the second estimate with Secretary's No. 4671., 
dated 23rd October 1867, stated that the project was much too costly to admit of its being 
constructed from Ordinary funds, and its anticipated income too small to allow of the woik 
being classed under Extraordinary, and suggested the preparation of a less expensive scheme. 

5. The estimates and designs have been examined by the present Officiating Chief Engineer, 
who is prepared to accept the recommendation of the Inspector General to the extent noted in 
the accompanying statement nuu*ked B. An estimate embodying the several modifications 
accepted by the Officiating Chief Engineer has been prepared and accompanies this note. 

6. As compared with the estimate submitted in 1875, the present estinwte shows a saving 
of 115,21,428, of which B3,76,096 is due to works. 

7. The net income was estimated in 1874 at fil,71,000 ; this is equal to a return of 
4*31 per cent, on the estimate of 1876. The Officiating Chief Engineer is certain that the 
net income has not been under-estimated. Accepting the figures of 1874, the net income gives 
a return of 4*93 per cent, on the present estimate. 

8. The Betwa Canal scheme, though not so remunerative as other projects in the North- 
West Provinces, may possibly just pay its expenses and thus escape being a burden on the 
finances of the province. It certainly will provide work for a large number of people whom 
\he peculiarities of the season may have deprived of their usual means of subsistence. Under 
these circumstances, it seems advisable to postpone the project until such time that the State 
is compelled to provide work for the poorer classes of the Bundelkhund population and thereby 
protect them from starvation. 



From the Government of India^ P. W. Dept., to the Secretary to the Government of the N. W. P., P. W. Dept., 
Irrigation Branch,— No. 911 , dated the 23rd April 1878. 

Referring to your No. C.1250W., dated llth December last, and previous correspondence 
regarding the Betwa Canal, I am directed to request that the Government of India may be 
furnished with statements showing the volumes discharged by the Betwa and Keyn rivers during 
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each month of 1877. It should be stated how the figures submitted have been arrived at, 
volumes actually measured being distinguished from those interpolated by calculation from 
gauge readings. 

E. In connection with this subject, I am to draw your attention to paragraphs 2 and 8 of 
despatch No. 87 P.W., dated 23rd April 1874, from Her Majesty's Secretary of State, forward* 
ed to yoa with Resolution, Government of India, No. 8861., dated 21st May 1874, to point 
out the necessity of accurate measurement of minimum discharges in the Betw^ and Keyn 
rivers, and to ask whether the tributaries of the Betwa have been examined for sites of storage 
reservoirs. In paragraph 6 of his reply to the Resolution of Government of India above quoted 
the Chief Engineer of Irrigation, North- Westeru Provinces, pointed out that the question of 
storing water in the bed of the Betwa itself had been very carefully considered, but no mention 
is made of examination of the tributaries. 



From the Government of India to Her Miyesty'e Secretarj of State for India,— No, 27P»W., dated Simlp, the 

Ist July 1881. 

With reference to Tour Lordship^s predecessor's despatch* on the subject of the Betwa 
• No. 87P.W., dated 28itl April 1874. Canal project, and also to our Pinancial Despatch 

No. 97F., dated 30th April 1881, regarding ''Pro- 

NotebythetMpecwr.Gew^^ tective Works,'' in which the Betwa project is 

19th June 1875, descnbmg the project. n^^^fC^^^^ «!v I, „« ^l> i, x T *'*''Jy'' " 

Proceeding. Govemmwit of Indi-, September nientioned, we have the honour to forward the 

1876, No8. 7-9A. papers enumerated in the margin for the considera- 

Letter from the Government, North- Western .» *„ -km - j. ^ /-^ 
Provinoee, to the Government of India. No. C.716W., ^lon of Her Majesty's Government, 

"^S^f^oX^ii^r^^^^^^^^ J' \'^' d^r^J^ No. 87P.W. referred to 

Provinces, No. 881, diated 30th October 1878. above, the attention of our Government was invited 

Go^i^;£"NoXw;:ri?^li.f No!"68t *° tiree points which required investigation before 
dated 5th April 1879. Considering the project — (1) the rainfall to be 

IrSKSTtSMlTFeK^'Js^ltA'febf ^^^-^^^ ^^ring years of drought and famine; 
ruary 1879. (2) the formation of reservoirs at some distance 

Letter from the Government, North- Western f^ «„«^i^«.««4. au^ j • n^ xi. • j« ^ 

Provinces, to the Government of India, No. 0.122W., ^ supplement the dramage from the immediate 
dated 25th April 1881, and enclosure. neighbourhood of the river ; and (8) the substitu- 

tion of numerous small reservoirs in suitable situations in place of a single river-fed oanal. 

8. The papers now forwarded show that although the rainfall is precarious in the tract of 
country to be commanded by the canal, yet the supply in the river never altogether fails, owing 
to its sources being in the Vindhyan range of hills, where the south-west monsoon never 
fails ; and thus a good supply can confidently be looked for even in dry yeai'S for the ordinary 
khureef crops between the 1 5th July and the 15 th October. On the other hand, a series of small 
tanks would be dependent on the local rainfall and liable to total failure in years of drought. 

4. No record can be traced of the rainfall in the famine years in the earlier part of the 
century, but the observations recorded in the papers now submitted extend over a period em- 
bracing two years of great drought, 1860 and 1868, and during this period the rainfall at the 
sources of the river never fell below 30 inches in any year* It is clear, therefore, that the 
river is a far more reliable source of supply for dry years than any system of small reservoirs 
could be. 

5. A full description of the project as now elaborated will be found in the note by the 
Insppctor-General of Irrigation, dated 19th June 1875; the subsequent papers relate chiefly 
to the financial aspect of the scheme. The estimate was stated in our Financial Despatch 
No. 97 of 80th April last at B27,50,000; but as now completed it provides for a direct 
outlay of B80,1S,485, entailing indirect charges amounting to fi2,08,527, and loss of in- 
terest during construction of B7,65,209, or 
a total of B89,82,221 under all heads. A full 
explanation of the increase, which is caused 
chiefly by a modification of the design for the 
weir, will be found in letter No. C.122W., dated 
25th April last, from the North- Western Prov- 
inces Oovemment, copy of which is sent here- 
with. The net income from the project is esti- 
mated at B67,000,* which would only yield a 

return of 2*22 per cent, on the direct outlay, and 1,69^ per cent, on the total outlay under 
all heads, including loss of interest during construction. 



• OrosB revenne, direct 
„ indirect 


Total 

• • 

• • 


. 1^,833 

46,667 


Maintenance chRrgee . 


. 1,67,000 
. 1,00,000 


Ket revenne 


. 67,000 
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6. The prospect of direct financial success is thus not encouraging, hut the condition 
of the tract of country which would be affected by the canal is such that the Government 
could not neglect the duty of taking measiu-es for securing the food-supply. There is a 
general unanimity among all officers acquainted with the tract that the construction of this 
canal would give stability to the land revenue and protect against drought some of the least 
accessible districts in the North- Western Provinces. We therefore request the sanction of 
Her Majesty^s Government to the carrying out of the canal as a protective work from the 
ordinary revenues as funds become available. 

7. The question of construction of storage reservoirs above the weir has not yet been 
thoroughly investigated owing to paucity of establishment available, but in any case the works 
must prove of great benefit. It will also probably be found possible to extend the area o£ 
irrigation by filling during seasons of ample supply the tanks and hollows which will be com- 
manded by the canal below the weir. 

Unclasure to P. W: D. Letpatch No. 27, dated ht July 1881. 



Note by the Inspector General of Irrigation on the Betwa Canal Project. 

The detailed estimates for this project now submitted are those called for by the Govern- 
ment of India in November 1878. The history of the project from the commencement is 
detailed in the Chief Engineer's Report, 

A brief summary of the main features and the reasons which have led to its elaboration 
in its present shape may be usefuL 

That irrigation is absolutely necessary in Bundelkhnnd as the only safeguard against 
famincj the very general consensus of opinion of the Revenue officers and all who have been 
acquainted with the district for many years paist sufficiently proves. The reports also show 
that the people everywhere are anxiously looking out for the proposed supply of water. 

As to the sources whence a supply of water is obtainable and the modes of making it 
available for irrigation. These are— • 

i«^.— From the subsoil springs by wells. 

2nd. — By storing the rainfall in tanks constructed in the tract to be irrigated. 

dri.— By storage reservoirs formed in the valleys of the rivers. 

4/A. — By drawing off water from the rivers by inundation canals. 

5th. — By perennial canals from the rivers in which there is a continuous supply. 

That the first mode is out of the question except for a very limited area of irrigation is 
shown by the excessive depth generally of the spring level below the ground surface, and that 
in places where that level is in ordinary years sufficiently near the surface, the supply being 
dependent on surface drainage, is not to be relied on in years of drought, just when it is most 
required. 

As regards the second mode, reservoirs have been long in existence, some from a very 
ancient date^ in portions of the Jhansie and Humeerpoor districts, but the country is not 
everywhere suited for the formation of capacious works of this description. Small tanks, 
such as were formed in Mhairwarra by Colonels Dixon and Hall, would cost in these days 
nearly three times the amount then stated to have been expended, and I have shown elsewhere 
that this is the most expensive of all the modes of irrigating a given area, small tanks, besides, 
being almost certain to run dry just in the very seasons when water is most wanted. 

The third method of impounding water in the valleys of the rivers is practicable, but 
at a large outlay, and further investigations are needed before detailed projects can be submitted. 

The fourth method, that of inundation canals, or channels to draw off the supply without 
raising the level of the stream in the rivers by weirs, is economically impracticable on account 
of the great depth of the river-bed below the tracts to be irrigated and the variations of the 
surface level of the stream even in the monsoon months. To ensure a supply sufilciently 
continuous to mature khureef crops, the beds of the channels must be projected at so low a 
level that the excavation at their heads and for a considerable distance below would involve 
• Spring crops (wheat and barley). an expenditure quite disproportionate to the 

C. H. D. results to be obtained. The reports besides show 

that rubbee irrigation*^ is more required than 

t Autumn crops (rice, 4o.) khureef ,t and this inundation canals could not 

C. H. D. supply. 
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The fifth mode is that adopted in the scheme now suhmitted for the Betwa. 

As to the supply of water available from the Betwa no records exist previous to 1866 ; 
but the gauge registers kept from that year up to date show that, except in years of absolute 
droughty 600 cubic feet per second at the beginning of the rubbee season and about SOO cubic 
feet at the end can be depended on. For the ordinary khureef crops the supply will usually 
be ample without storage. The early khureef crops, such as sugarcane and indigo, cannot be 
supplied, as water fails from March to June. In the driest year on record (1868) there was an 
ample supply in the rivers from about the 15th July to 15th October, with one temporary fall 
from about the 23rd August to 17th September. Towards the end of October in that year 
the volume fell to 160 cubic feet, and in the following February to 50 cubic feet. 

The reason of the supply never altogether failing in this river is due to the fact of its 
sources being in the Vindhyan range, near Saugor and Bhop^, where the rain of the south 
west monsoon never fails. 

No records are discoverable of the rainfall in those localities during the droughts of 1880, 
1834, and 1838. The earliest date of the Saugor register is July 1843; that of Sehore 
(Bhopal) from the year 1867. 

The following table shows the fall during the months of June, July, August, and 
September &om the year 1860, one of the famine years : — 





Jhansie. 


Sangor. 


Sehore. 


1860 


251 


30.73 




1861 


431 


44 69 


„, 


1862 


25-3 


87-77 


... 


1863 


46-9 


77-80 


... 


1864 


20-6 


37-41 


••• 


1865 


370 


61-40 


.«. 


1866 


28-8 


30-20 


• • • 


1867 


41-6 


68-10 


69-20 


1868 


12 3 


30-90 


27-60 


1869 


47-3 


47-00 


88-20 


1870 


29*9 


44-14 


60-70 


1871 


410 


64-20 


82.60 


1872 


32-6 


43*97 


36-40 


1878 


42-9 


4007 


4424 



Daring these 14 years it will be seen that the fall at Saugor was never less than SO inches. 

The Betwa runs a course of about 360 miles from its source in Bhopal to the Jumna at 

Humeerpoor, half of which is beyond the British border. The tract afEected by this project 

is a triangle bounded by the rivers Betwa, Pahooj, and Jumna. The area commanded by the 

proposed channels is thus distributed — 

Sq. miles. 8q. miles. 

British Jhansie 49' 

Jalonn .•••....• 1,115* 

Humeerpoor ••.,,•••« 53*5 

1217-5 

!Sumpther 1,555 
Baunee 72*5 
Behree 10*0 
Datia • ^^'5 

274 5 

Total 1492- 

Deduct 
Barren and ravines 518*42 

^•o^ J^ _859a7 

Total irrigable 632*83 

or 405,011 acres 

Of which— 

830,489 acres are British. 
74,522 „ Native States. 
Assuming that not more than one-third of the culturable area should be irrigated, the area for 
which water is required is 185,000 acres, but for this the average supply of water will not, 
according to the calculations made in this estimate, be sufficient. 
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The projected works consist of a permanent weir across the Betwa, 25 ^ feet above the 
deepest point of the bed, with a regulating head for the canal on the right flank and escape 
sluices to keep the bed clear of deposit in front of the regulator. Thence a main channel it 
led ofE 19 J miles in length and three branches, the Humeerpoor, Calpee, and Kutound, carried 
along water-sheds, so as to command the whole of the tract above described. 

The dimensions are as follow : — 



Length. 


Bottom 
width. 


Miles. 
19i 

11 

58i 


Feet. 

20 

16 to 6 

5 

10to6 


167i 



Depth of 

water full 

supply. 



Feet. 

7 
6to4 

4 
6to4 



Main Line . 
Humeerpoor Branch 
Calpee Branch 
Kutound Branch 



Total 



Distributaries aggregating 220 miles in length are provided in the estimate. 

The full supply which the channels are designed to carry and distribute is 600 cubic feet 
per second, but the estimate provides for widening the main channel to carry 1^000 cubic 
feet per second, in anticipation of a larger demand for khureef irrigation hereafter. Distribut- 
aries for the extra 400 cubic feet are left for future consideration when the necessity for them 
arises. 



The following abstract shows the estimated expenditure under each 


main heading :— 




Main Canal. 


Hum<>erpoor 
Branca. 


Calpee 
Branch. 


Ratoand 
Branch. 


Disfcribo. 
tarlM. 


Total. 




R 


B 


fi 


B 


•B 


B 


Preliminary .... 


13,000 


48,000 


4,000 


30.000 


. 


96,000 


Land compensation 
Head-works .... 


73,766 


26,180 


2,888 


18,480 


29,316 


1.60,619 


7,79,123 


. 


... 


... 


... 


7.79.123 


Kegnlators .... 
Fafis, &c 


8,698 


2,932 


, 


... 


•*. 


11,630 


... 


46.288 


2,313 


27,132 


«•• 


76,733 


Torrent works, Ac. . 


17.901 


6,632 


*•• 


... 


... 


24.433 


Bridges, &G 


70,664 


1,60,689 


14,636 


96.846 


... 


3,42,633 


Escapes .... 


a*. 


20,000 


••• 


20,000 




40,000 


Mills 


... 


12.600 




12,600 


... 


25,000 


Buildings, permanent 


14,002 


27.946 


3,000 


20.646 


... 


65.584 


„ temporary . . 


61,927 


8.643 


••• 


8,643 


... 


79,213. 


Miscellaneous masonry works . 


M. 


••• 


».. 


... 


44,000 


44,000 


Earthwork . . . • 


2,77,961 


1,26,001 


' 18,447 


87.635 


66,000 


5,74.934 


Miscellaneous 


*•• 


7.200 


i,ooa 


6,000 


22,000 


35,200 


Maintenance during construction 


12,296 


9.691 


776 


6,407 


... 


29,069 


Total 


13,29,207 


6.01,602 


46,968 


3.33,088 


1,61,316 


23,72,071 






Tools and Plant 


. • 


1.49,886 






Establishment . 


• • 


5,04,391 




30,26.348 






Interest 


• 


7,66,209 




Capitalization of f 


abatement of land reyeni 


le . 


1,93,676 




39,85,133 



It is anticipated that the work may be completed in three years^ and the accnmnlation of 
interest at the end of this time is calculated to amount to £2^03^098 ; but in the estimate of 
total outlay the interest debt is taken as the balance of the accumulation at the end of the sixth 
year after completion of the works^ when, it is supposed, the returns may cover all current 
expenses, including interest. The difierence, or (7,65,200 — 2,03,093) £5,62,116, should 
obviously not form a portion of the cost of the project. Deducting this, the probable outlay ia 
1134,23,017. 

The probable returns are estimated by the Chief Engineer according to the calculation 
made in 1872. The water-rate is taken at 92 per acre, whilst the Board of Bevenue are of 
opinion that the full average rate of the Ganges Canal, viz., B2-6, would be obtainable* 
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Khureef irrigation is altogether omitted, and for the rubbee the full supply, 600 cubic feet per 
second^ will always be available to begin with; but as that supply diminishes more oi less 
daring the season, the full return is only calculated on from two-thiids^ the area iiTigableat the 
beginning : 200 acres per cubic foot per second is taken as the duty ultimately obtainable 1 he 
figuresi then, are : — 

fx 600 X 200=80,000 acres at fi2 
Enhancement of land revenue at 12 annas per acre 
Miscellaneous revenue, 5 per cent, of water-rate 



Totel . 
Deduct 25 per cent. Maintenance • 



B 1,60,000 

60,000 

„ 8,000 



2,28,000 
57,000 

1,71,000 



Balance 

This on the total outlay of BS9,85,133 gives net profit of 4*31 per cent. 

This estimate of outlay is^ I think, a maximum, and the return a minimum. In a separ- 
ate note I have made some remarks on the engineering details and the items for which the 
provision in the estimate seems to be excessive. 

The quantity of masonry in the head-works seems to me to be unnecessarily large, and may, 
I think, be considerably reduced. 

The number of bridges, about one to each mile, may be required many years to come, but 
I cannot think the same provision for cross traflSc is requisite in a confessedly undeveloped tract 
as in the most highly cultivated and populous parts of the country. Probably half the number 
would suffice for many years to come. 

Mills are not a necessary adjunct of the project. If the demand for them arises hereafter, 
they can be built. They are always a profitable investment if judiciously located. 

The cost of inspection-houses and temporary shelter seems very large, and is, I think, 
susceptible of reduction. 

The extent of land occupied may apparently be reduced considerably. 

Every possible expense required to complete the project in the best style seems to be pro- 
vided for in the estimate ; but in a case of this kind, where the estimated returns are so very 
meagre, I think it would suffice to construct only the works absolutely necessary for the 
pretent. 

If the supply of water is found to go farther than can now be calculated on for a certainty, 
and a demand arises, as is probable, for khureef irrigation, the necessary additions can then be 
made to the works, though the cost would possibly be greater than if all were carried out 
simultaneously. 

The estimate of the probable returns I have stated above is that made in 1872, when the 
project was first submitted ; and although the duty assumed for the water is probably an absolute 
maximum, the gross income is, I believe, much below what will ultimately be obtained. It is 
hard to believe that, in so dry a country, water even in ordinary years would not be eagerly 
sought for the khureef crops. 

The indirect benefits, however, were the main grounds on which the North- Western Prov- 
inces Government recommended the project from the very first 

These are enumerated in the Commissioner's (Mr. Ricketts) memorandum dated 8th July 
1873. The chief items are— • 

Ui^ — ^Protection against famine. 

29uf.— Ensuring the permanence of the land revenue. 

^i^ — The possibility of obtaining a higher land revenue, as there would be no longer a 
necessity for allowing a large mai^n in revenue settlements as a set-off against un- 
favorable seasons. 

The remissions of revenue in the five districts of Bundlekhund during the 12 years from 
1860-61 to 1871-72 are stated to have amounted to fi33,63,989 ,• and though a portion of 
this was directly due to revisions and reductions of assessments and to causes connected with 
the Mutiny of 1857, it is probable that no revisions would have been required if famine had 
not reduced the resources of the district in men and cattle. 

I omitted to mention above that the sum calculated as capitalization of abatement of land 
revenue includes that on land in the Native States, which should, of course, be omitted. 

It is not stated what arrangements have been made vrith the Native States for occupation 
of land or payment for water supplied. 

The compensation for land is estimated at B26 per acre, but this is not attested by the 
Revenue authorities. 
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Before submitting the jproject for the sanction of the Secretary of State, it toaj^ perhaps^ 
be thought advisable to obtain the views of North-Westera Proviliees on the suggebted reduc- 
tions of cost. The project as submitted ifl presented in a more unfavourable light financiidiy 
than the facts seem to warrant. 

J. CROPlPOiJ. 

19ih June 1875. 



From the Bebretary of State for India to the Govemtrient 6f Indii^— No. 61, Aated the 8th September 1881. 

I HAV18 received and considered in Council your Excellency's Public Works letter No. 47, 
dated the 1st July last, submitting for my sanction a project for the constnUctioii of the 
Betwa Oanal in the Bundelkbund district of the North- West Provinces. 

2. The q'uestion of the cohfiftruction of this wdtk HOlb already f6tmed the Mibjedt oiE Com- 
munications between the Government of India and my pred6cesfi(6r8, but bef ok'^ iAy definite 

action w^ sahcftioned, mor^ pre6i»e ihf 6hiiation 

Public Works Despatch to Government of India, ^^ ^^g prospects 6f the Wdrt, bbth Hk its 

No. 12, dated 20th February 1878. . • j /j^ ^ i ^^.l ^ r « , 

j^J A'u. XT o^ A *^oo.^ 4 •iiQ'TA eugineenng and financial asplMte, w^ balled 

Ditto ditto No. 87, dated 28rd Apnll874. ^ *=^_ . ° ^, ^ ^ ut^s ^ .. . . „ 

*^ for by the de&patches from this office teak-ginally 

noted. 

8. This information is now supplied by your Goverhinenl, ahd I am gl^ to ieam feom 
your letter that you are now satisfied from careful inquiries iistitutdd b^ you that the supply 
of water in the Betwa river may be relied on to feed a canal even i!iti years of drou^^ht, and 
that the financial prospects of the work are such a^ to aff6td, in your opiiiioh, a reasonable 
hope of some small return to Government on the capital which it is proposed to €xp^hA on the 
undertaking. 

4. Irrespectively, however, of the financial aspect of the project, regarding which I do 
not hold very sanguine expectations, your Excellency dwells sti'ongly on 'the duty of tlie State 
to undertake the construction of the work in order to secure the f ood-supply of this tract o* 
country— a tract which has so often suffered from the severest scarcity in the past, and may at 
any time be visited again with famine in the future. 

6. The Famine Commission of 1878 also urgently recommended, as your Excelleney is 
aware, in paras. 81 and 82 of their Report, the early construction of this work, among others, 
as an absolutely necessary work for the mitigation <rf famine in the North-West Provinces. 

6. I fully appreciate the force of these expressions of opinion, and I tnfit that the expect- 
ations of a supply of water sufficient in years of drought to afford the means t)f iitigotioii may 
be realized, and that the views of your Oovemment inay thta be home out, and a probable 
future outlay on the relief of the population may be avoided. In this hope I will rtot wilfc 
hold my sanction to the construction, from ordinary funds, of Ae Betwa Canal as a i»dtective 
work, at a total estimated cost of a8e,82,221, of whiA a80,18>486 is estimated as direct 
outlay and the balance as indirect and interest charges. 

7. I gather from the enclosures* to your letter that the work will |ircA>abIy be 6ompteU;d 

in three years^ and that the ^xperiditiM on it 
P,:!;^^' '^'^^'S^^^^J^^nT^fSK'^t ^ probably be distribubed ia Ae foUowing 
Works Department, No. 0.182 W., dated 86th April manneT : — ^fivel akhs during the cui^nt official 
^^^^' year, eight lakhs ^during each of the succeeding 

official years, and the balance of estimate for works before the rainy season of 1884. 



From the Joint Secretary to the Government of the N. W. P. and Oadh, P. W. Dept, IrngatioH Bnmoh, to 
the Secretary to the Gk>vernment of India, P. W. Dept,— No. F. C. 871., dated Slat March 18^. 

'With reference to correspondence ending with yotir letter No. 8&6, dated the 18th 

^* -.^ J \l j«/^v » - October 1881, I am directed to forward, for 
Superintendent of Works' No. 126, dated 20th Janu- ^, . ^ ' r .x m n i • 

ary 18M ^^^ information of the Governor General m 

Note by Chief Engineer, No. F. C. 87i I.> dated 2l8t Council, Copies of the ^pers fioted in the 

March 1882. maigia, on the subject of ooi^uction of the 
weir for the Betwa Canal in Bundelkhund. 
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Note by CoLOHBL J* G. Fobbss, B.^., Chief Engineer of Irrigation, N. W. P. and Ondh, on oonstraotion of the 
Betwa Weir,— No. F. 0. 871 1., dated the 2l8t March 1882. 

A SUM of B30,18)485 was sanctioned in Oovemment of India's Public Works Depart- 
ment letter No, 896) dated 18th October 1881, as the direct charges for the Betwa Canal 

project. Of this amount B9y884B6 was ^ 
• (EidoeiTeof gate.,R64.000.) ^^ account of the weir and head-works at 

Pareeohai viz. :— 

B 

Weir 7,83,519 

Canal regulating head 1,62,810 

Afflux embankments 41,857' 

Total . 9,86,186 



2. The reason for choosing Pareecha as the site of the weir is given in paia. 26 o£ the 
Chief Engineer's (Colonel Oreatked) Beport^ dated 2nd November 1874^ as below >-r. 

After a very careful consideration, of the subject, the head of the canal has been fixed a 
Pareeoha, 13 miles east of Jhaosi, near the Galpee road. Thia ia the best site that could be foijuad. 
A rooky bttrrier runs across the bed of the river, forming an exceUeui foundation for the weir ; 
this barrier is said by the Dxeoutive Engineer, Mr.| Du^tIiS, to be fre^ horn cracks an,d fissures 
visible to the eye. The river has a straight run between gopjd stiff banks, and thei^e is a plentiful 
g^pply of good buildingrstone, suitable for cour sed nibble, in the i;ieighbourhood. 

9. Now^ however, that preparations have been mad^ foj; ap, actual commencem^ijifc^ pf the 
work and a minute inspecUw Bind detailed surveys of th^ sit^ haye be^ i^ofs^de^ it is found 
that the description given above regarding the rock being free frpm cracks and fissu^es^ and 
thus forming an '^exceUeut fouudation'' ti^ the weir^ does not correfifpon,d wit^ existing factfii. 

4« Early in December 1881 1 received a communicatian from Major ^esteruj Bf.Bj,, 
Superintendent of Works, reporting th^ above and stating th^t ^ehad suspen^ded work at the 
P^ixeecha site pending further orders. On the 20th Pecember 1 an^ived at Pareecha and cara^ 
fully examined the locality. 

6. For a distance of 800 feet on the left flank o£ the Pareecha site the barrier is not 
composed of a ^ homogenoua rock without fissures." Oa the coxitrary, it consists pf weathered 
and greatly decomposed quartz blocks and moorum, and is, in fact, an outcrop of the quiff tz 
ridge which is met with on the Calpee road at Qulara,, about two, miles from Pareecha. The 
position of this quartz ridge and its conjunction with the gneiss is dearly shown on Map A— 
plan of river near head-works. 

6. Map B — Plan of Pareecha weir site— shows on a larger scale the position of the gneiss 
and quartz. The trial pits in the latter, which were down to a depth of 8 to 10 feet below 
W. S. L. on the date of my visit, showed unmistakeably the utterly rotten state of the rock, 
which apparently got worse the lower it was dug into. When pieces were broken off, they 
could be crumbled between the fingers; and it was seen that the rock was, besides, full of 
fissures at all angles and many nearly vertical. 

7. The weir sluices having to be built on this flank, it was evident that the sanctioned 
design would have to be materially altered if this site was to be retained. The cost, therefore, 
would be greatly increased, as, in addition to the greater depth of foundations than originally 
estimated for, a much longer pavement or talus would have to be put in. A rough estimate 
showed that a weir at this site would cost nearly 10 lakhs of rupees instead of B7,83^519 as 
allowed in the sanctioned estimate. Besides this, it was clear that if the weir was built here, 
there would undoubtedly be very heavy leakage below through the fissures in the rock. 

8. Under these circumstances it became incumbent to reconsider the question of the 
Khoord site, which is situated about a mile below Pareecha. Khoord was originally chosen as 
the site for the weir by the late Lieutenant Bagge, B.E. It was finally abandoned on account 
of the Pareecha weir being supposed to cost about 2 lakhs of rupees less than the one at 
Khoord, but on this point Mr. Anderson, Superintending Engineer, 2nd Circle, Irrigation 
Works who was deputed by the Chief Engineer (Colonel Greathed) to report on the two sites, 
stated as follows in his letter No. 796, dated 26th March 1870 :— 

PiBA. 4.— Thinking that a considerable reduction in cost would be the result of adopting 
Pareecha, which is above Khoord, as the site for the dam, I prepared the accompanying estimates 
My anticipations were not realized. 

K 1 
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5. The following is a compariBon of tke two works : — 



Ehoord dam 
Pareecha ,, 





Content 


C<Mt. 


Length. 


Cft 


B 


5,600 


2,066,860 


13,36,720 


2,660 


1,466,253 


11,01,886 



Saving . 2,34,834 

6. Against this saving of B2,35,000 must be placed loss of revenne due to the 37 cubic 
feet per second of supply which is contained between the Pareecha site and Ehoord dam. The 
revenue from this 37 cubic feet calculated at B500 per cubic foot represents, at 7' 5 per cubic 
cent., a capital of B2,60,000. 

7. The advantages of the two sites are pretty fairly balanced ; but if the afflux due to each 
dam is considered, the Ehoord site has the preference, for at Pareecha the afflux is 11 '23 feet, while 
at Ehoord it is only 6-00 feet. 

9. On carefully going over the gound (vide Map C)^ I came to the conclusion that in 
every way was the Ehoord site more satisfactory than the one sanctioned at Pareecha. By going 
a little above the site fixed upon by Lieutenant Bagge and utilising an island in mid-stream, 
we find that instead of a weir 5,600 feet in length being required, two weirs, one 800 feet in 
length across the ^est channel. of the river, and the other 2,650 feet long across the east 
chimnel, are necessary ; thus giving a total weir length of 8,460 feet only. Good homogenous 
rock (gneiss) extends across the whole width and for about half a mile or more down the river. 
This rock goes well into the right bank, whereas at the Pareecha site a heavy revetment wall 
is required to guard the right fiank. The greater part of the site now chosen across the east 
channel is itself a natural weir, and little will actually have to be built up in many places^ 
whilst in others the rock will have to be cut down. On the west channel, however, in the 
deepest part the height of the weir would have to be 41 feet against a maximum at Pareecha 
of 34 feet Notwithstanding this, a rough estimate showed that a weir at Ehoord could be 
built for a little more than 7 lakhs of rupees, or within the sanctioned sum. 

10. It should also be noted that at Ehoord the ground on the right bank of the river and 
the island in the centre are in British territory, whereas the Pareecha site is entirely in the 
Bajah of Urcha's domains. In addition to this, good building stone is found in titu at Ehoord, 
whilst at Pareecha a tramway one mile in length is required to bring material. 

11. The advantages of the Ehoord over the Pareecha site may be briefly summed up as 
follows : 

1. — Good rock extending across the whole width of the river. 

2. — Loss expense in building. 

3. — Less leakage below weir. 

4. — Less height of afflux. 

6.— ^Ghreater impounding of water, giving an increased discharge in canal of 37 cubic 

feet per second. 
6.— Building material actually on site. 
7. — Site almost entirely in British territory. 

12. Taking the above facts into consideration, I had no hesitation in ordering Major 
Western to abandon the sanctioned site at Pareecha and to consider Ehoord as the proper position 
for the weir for the Betwa CanaL As the rough estimates above alluded to, although reliable 
enough to form an opinion on, were necessarily too vague to be submitted as an authoritative 
basis on which to apply for formal sanction to the change of site for the weir, I further ordered 
Major Western to submit more detailed estimates when the surveys were completed at 
Ehoord. 

13. Estimates hava now been received with Superintendent of Works' letter No. 126, 
dated 20th January 1S82 (accompanying this Note), and show the comparative cost of the weir 
at the two sites, w,:— 

B 
Pareecha weir ..... 9,44,659 

Sanctioned cost .... 7,83,519 



Excess . 1,61,140 



Ehoord weir ...... 7,06,030 

Sanctioned cost . . . . . 7,83,519 

Saving . 78,489 
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Fiom the Sapeiintendent of Works, Betwa Canal, to the Joint Secretary to the GoTemment, N. W. P. and 
Oudh, P. W. Dept., Trri^tion Branch,— No. 120, dated the 20th January 1882. 

The site fixed for the weir at the head of the Betwa Canal is described in paragraph £6 of 
No. C.1043W.^ dated 2nd November 1874^ page 82, and was accepted as fixed by Chief 
Engineer in paragraph 6, section I, page 25 (Proceedings Nos. 16—42 of April 1876). 

2. This rocky barrier is made np of two kinds of rock. That on right of cold-weather 
stream consists of a fairly level platform of gneissoid granite running square to the stream and 
some 400 feet vnAe : that to the left'^s a quartz ridge with moorum in a more or less decomposed 
state on the up and down-stream, and this quartz ridge is of no great thickness, varying from 
6 feet upwards, and does not run in a direct line. 

8. To erect a weir at this site, therefore, the quartz and moorum must be cut down until a 
sufficient width of base is obtained, and the line of weir either run to conform with the ridge 
or partially based on the quartz and partially on the moorum. As the quartz is broken and 
fissured in every direction, it is doubtful if the weir so built would be safe for a day without 
extra protection or a flooring on the down-stream side. 

4. As I further found on reading the Betwa Canal papers that Lieutenant Bagge had 
preferred a site a mile below Pareecha, called Khoord^ and as Mr. Anderson had reported that 
Khoord was not a bad site, I stopped the work of alignment, &c, for Pareecha and commenced 
survey for alternative sites (see Proceedings Nos. 82<— 56, June 1878, Part V., page 51, 
paragraph 45, page 94 and pages 66—67). 

5. The large scale tracing herewith shows that there are three sites on rocky barriers in 
this reach of the river or above the Khoord rapids. The uppermost is the Pareecha site and 
has been spoken of above. The intermediate site was apparently covered with silt at the time 
of previous surveys. It consists of good gneissoid granite, but its contour is bad. The lower 
site is that of Khoord, or at the head of the rapids. 

6. At Khoord the river has, in a length of about 2 miles, a fall in cold weather of 25*0 
feet from surface to sur&ce, and in flood of 15'S8 feet (page 48, Proceedings, June 1878). The 
width of channel here is some 5,000 feet, divided up by islands against an undivided width above 
Pareecha of 1,850. Naturally on such a site nothing but rock is found from bank to bank, and as 
far as trial quarrying has gone, it has proved a good quality of gneissoid granite, somewhat 
cracked and fissured in places, but perfectly good with ordinary precautions. On either hand the 
rock rises to above flood level, but is of inferior quality. Probably the inferior quality merely 
bverlies rock equally sound with that in bed, but as both of these are actually on flauk slopes^ 
there will be comparatively but slight action, and measures can easily be taken to render them 
«afe. 

7. This Khoord site, therefore, appearing far superior to the Pareecha selected site, detailed 
surveys were made, and I now beg to submit rough alternative estimates. 

The data used have been Colonel Brownlow's revised section of weir, Mr. Hair's align- 
ment of Pareecha weir ; but with 8-f eet foundations for portion on right of cold- weather stream 
and R. L. 60150 for portion on left, 601*50 has been assumed. As we have no facts as to 
actual depth it would be necessary to cut the reef down to, and 601*50 is 1 to 2' below lowest 
level of river or a level at which work could be executed without pumping, a width of 100 feet 
paving below this portion of weir, or for 600 feet in length by 1'5 feet in thickness, is allowed 
for. For the Khoord site the calculations have been made on the alignment shown in tracing 
from levels and contours as available ; 4*0 depth of foundations allowed to cover possible inaccur. 
acy of levels, &c., due to boulders and loose rocks hereafter requiring removal. Bates the 
same throughout ^ allowed by Mr. Hair. Portland cement rubble is estimated for as coping in 
place of ashlar, though it is not quite evident from the papers which system has been finally 

decided on. 

Proceedings Nos. 12 — 17, August 1886, para. 3, page 3. 
n »> 12—17 „ „ „ 2 „ 5. 

„ „ 3—6, March 1878, item 4 „ 3. 

Three feet in thickness at an extra rate of £50 per 100 cubic feet has been entered to 

allow for possible further alterations. 

Parebcha Sitb. 
BUutipg or eaeeavati-jn/or/oundationi, 

C. ft. B 

On right of river . . . 139,290 

On left, to level 601-50 . . 93,268 

For pavement, \ of quantity, at B6 1 q^ qqq 

Flank wall . . " . . 9,000 

336,748 at H 10 = 33,676 
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Buhile masonry weir. 





aft. 


Bzoladiag foundations, B. B. 


. 524,307 


Foundation, 3. B. . 


. 4391,290 


L. 6. • . . 


. 805.208 


FlankmJl . 


. 154^320 




1,123,125 



B 



Athlar floor.— L. B. 600 x 100 x 1*5 = . 90,000 „ 2 

Briehworlc. — As in Mr. Hair's estimate. 

Portland cem-mt. — ^Pointing . . 20,244 „ 4 

Ditto. — Ooping 2,400 at 3 ' deep = 96,000 extra rate B50 



2,24,625 

1,80,000 

80,976 
48,000 



^HOQltp SiTB. 


Blasting or foundations. — ^Bight channel 
Pl^nkwfrllfl 
Left p^aimetl 
Flai4^wal)a 


. 169,320 
4,320 

• 89,000 
4,240 




266,880 


Bubble masonfy.^^Bight west cbannel 

Ditto foundations 
Flank Trails , 
Left east ohannel • 

Ditto fonndationB 
Pla^wallfl 


. 482,480 
. 169,320 
. 62,48Q 
. 352,690 
. 89,000 
. 56,310 




1,212,280 


Brickwork.— DoMe Mr. Hair's esthnator- 
East part .... 
Wes^ « . . . • 


. 12,600 
. 8,400 



at Bid := 



Portlan4 cement pointing 



21,000 at B4 
deep 
= 112,000 o. feet, extra rate B50 

Comparative Abstract. 



Ditto coping 2,800 r, feet 3' deep I 



= 2,42,456 



84,000 
56,000 



Mb. Hus*! ISamuTa nr< 

OBOAIISBTSS PBBOBBf. 

(OOLOVBI. BaoWMw'fl 
E&BUAXm OB 1888). 



MaIOB WaStBBB'B 



Sub-beidi. 



Bates. 



FueaoliBBttB. 



KliMidatte. 



Foandation or blasting 

Bubble masonry 

Ashlar ooping 

Portland cement coping • • . • 

Ashlar flooring 

Brickwork . # 

Portland cement pointing • . . • 

Contingencies . • • • 

Total 

Add weir sluices 

„ retaining weir • . . • • 

Total allowed in present estimate lor weir without 
gates ....••• 
To this may be added tramway 



9 

10 

20 

2 

60 
8 

27^ 
4 
.20 
percent. 

§•• 
••• 



9 

13,963 
1,88,347 
2,J3,777 



521 
55,139 
93,349 



33,575 
2,24,025 

48,000 

1,80,000 

521 

80,976 
1,13,539 



2,42,456 



h042 
84,000 



5.60,096 
1,22,807 



6,814^36 

1,22,807 

40,000 



4^92,225 

1,22,807 

40,000 



6,82.903 
1,00,616 



8,44,043 
1,00,616 



6,55.032 

50,000 



7,83,519 



9,44^659 



7,05.030 



9. The figures given^ as Mr. Hair's estimate increased by 85 per oent.^ are taken from his 
original estimate^ and this accompanies for reference. The total will probably not agree exactly 
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with Colonel Brownlow's jSgiiiiBS 6b whieh revised sanctioiied scheme has been bluied. 
311,00^616 have been allowed in original estimate for tramway, as the quartz hills from 
whidi the building stone was to be obtained were situated a good average mile froni thd site 
(seepage 11, paragraph 41, and pages 18 A and 19A, Proceedings, 1875). As the Khot)id 
site is so large> it is evident the whole of the rubble will be obtained on the spOt> and at the 
most tramways only being required in short lengths for leading this stone to h^vier sections o( 
weir and for delivery of lime, I have entered fi50,000, considering fiSO^OOO will be nearer 
the maTJmum possible expenditure. 

10. The weir sluices have been assumed to cost the same in all cases, as we have not 
sufficient data to re-calcukte^ It may be, however, taken as a fact that at Pareecha thd fotmda- 
tions will require to be deep^ than at Khoord, wh^te we kndw good ^ook is to be found at 
B. L. 604'U0. 

11. A subsidiary retaining weir is to be built— see note by Cdonel Brownlow on section of 
weir ; but as the details of this are not known, the cost may be assumed as the same in either 
<^ase or B40,000. 

18. For capability of passing the assumed maximum flood volume oJE 760,00() cubic feet 
with the formula-^ 



I>=3-6 Zhi ^hi + -OSSva +5Zh^^hi+ •02va C. ft. 

At Pareecha— Natural flood level being 646'60 

Weir sill . . . . . . , , , 681-50 

Length of sill, 2,396 feet, 
with an assumed velocity of approach = 6 feet, or that taken by Golohd Brownlow, afflux 
becomes 8*8 on flood surface above weir 645*80. 

At Khoord— assuming 641 -0 as tiie natural flood level^-^weir sill as before lB81»50| and 
tength in two portions of 2,650 and 800 with velocity of approach of 4 feet aiid 6 feet> w« find 
afflux will be 8 feet, and discharge of the two channels 76 percent, and 24 per cent, of 750,000* 
But with this assured present flood level at site of weir of 641*00, the lowest channel of 800 is 
calculated to discharge 60 per cent, of the 750>000 cubic feet. It is evident^ ther^ore, that 
with weir built and forcing more down the smaller eastern xshannels^ the level b^low weir tvill 
vary, becoming higher possibly towards right (east) bank and lower in west channel. 

The maximum 800 feet weir across west channel can pass (assuming B. S. above at 
648-00 or with 7*0 theoretical) afflux will be when surface below is at or below 681*50, and 
this may be taken to be something over 200,000 cubic feet. 

We havie then to pass 550,000 over the 2,650 feet length, and with sur&ce above as before 
at 648-0, we find surface below will be about 639*00. 

The sectional areas of approach and exit are for west weir evidently ample, for the east, 
or 2,650 feet, part we have 65,000 square approach up to level 648*0 on present bed. As this 
bed is rock and coarse sand, the sand will evidently scour until sufficient area for the 560,000 
cubic feet is obtained. Downstream there are three channels — two small ones leading to main 
stream below village of Khoord and one large direct channel running towards the village of 
Moratta. 

The portions of lengths of weir discharging with these channels may be assumed as 
1,050 and 1,600, and with volumes of 220,000 and 330,000. The slope of surface down the 
channels may be taken as 1 in 300 ; and if we take a low co-efficient of 90 and a H. M. D. of 
15 mean velocity comes to 20 feet, and sectional areas required 11,000 and 15,500. The 
minimtim sections obtained are 12,000 and '27,000, and ttiis on earti in places overlying rock 
and only teking centre or deep portions. 

It would appear, therefore, that there will be a free exit from weir, and that W. S. below 
will b6 below R. L. 6Sd'0 and that surface above, therefore, will never rise as high as R. L. 
648.. As our data of water surface over these rocks is very incomplete, it will be as well to' 
assume in all calctilations for R. L. 648 ^ maximum level upstream. 

18. The maximum gaiige of 641-0 given by CaJ)tain Biggfe appears to b^, fct)m his cross 
s^ctSbirt, t,t a point about 1,600 feet above th6 present proposed site d weir. Taking the same 
slope of surface as given from Khoord to Pareecha, or 4-48 feet per mile, existing iBood water 
surface at weir site will be about 639*50, tod j^ossible afflux on weir d48*0^-«.83&*50==8*5 feet 

14. It would seem, therefore^ that weirs can be built on eithei^ site, but that the cost of 
the Pareecha one would exeeeU that of one at Khoord by the cost of thb extra pavement or 
pi^bection necessary downstream, and that even then the Paredcha weir would probably be more 
expensive to maintain. 
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15. I am therefore, with your permissioD, having all detailed eistimates aod plans made 
with reference to this Khoord site, and I would request your formal orders regarding them. 

16. I may mention that maximum height of weir at ELhoord will be 41*0 feet against 
34-0 feet at Parceeba. 

17. I enclose herewith for reference the original plan of the Pareecha reef, with notes on it 
by Greneral Bundall ; also a detailed survey of this reef as at present existing. 

18. The copy of weir section accompanies for record in your office. 



From the Oovemment of India, Public Works Department, to Secretary to the Gorernment of theN. W. P. and 
Oudh, P. W. Dept., Irrigation Branch,~No. 1181., dated the 20th April 1882. 

In reply to your letter No. F.C.87I. of the 21st March last (the plans accompanying 
which are returned) ^ forwarding, for information^ copies of certain papers on the subject of 
construction of the weir for the Betwa Canal in Bundelkhundi I am directed to communicate 

the sanction of the Government of India to the 
proposal made in the Chief Engineer's Note^^ 
which forms an enclosure to the letter quoted above^ of changing the site of the Betws weir 
from Pareecha to Khoord. 



•No. F.CSnU dated 2l8t March 1882. 



Note by LixuTiKAHT Ck)L0KXL J. O. FoBBBS, B.E., Chief Engineer, Irrigation Works, North-Weetem 
Provinces, on the Revised Estimate, Betwa Canal,— dated the 13th March 1885. 

Now that the Betwa Canal is approaching completion^ it is seen that some items were 
under-estimated, whilst others were omitted ; and although it is possible that all the amounts 
entered in the enclosed abstract may not be considered absolutely necessary, or at all events 
may be postponed for a time, yet it is undoubtedly necessary to show them in an open and 
clear light. 

2. The grand total of the revised abstract as now submitted is B47,50,681 against 
B39,82,221 as sanctioned by Government of India letter No. 896 1, dated 18th October 
1881 ; thus showing an excess of fi7,68,460 as compared in the following table : — 



HMd. 


____________ 

-Ettimate of 
1881. 


Berlaed 

Estima^ 


SxOMf* 


Saving. 




E 


» 


E 


ft 


Works .• • • 


26,14,491 


82,29,749 


7,16,268 


•«. 


Establishment . 


8,99,195 


7.42,830 


8,43,635 


... 


Tools and plant 


99,799 


99.799 


•• 


... 


Direct charges 


80,13,485 


40.72,378 


10,58.893 


... 


Indirect charges 


9,68,736 


6.78,308 


- 


2,90.433 


Gbjlkd Total 


89,82,221 


47,50,681 


7,68,460 


• a. 



The different items of excess will now be explained, 

S. In September 1883 it was seen that the excess on land was likely to be heayy ; the 
value as entered in original estimate according to Board of Bevenue^s valuation being only 
B12 per acre^ whereas the rate actually paid is about 1135 in British territory and B80 
in Native States and '^mufifi^' lands. The total excess, which is due entirely to the above 
cause, is Bl,04,173. 

4. Under " torrent works '' a sum of 3124,433 only had been provided, whereas it is 
necessary to expend S67,018, or an excess of B42,585. In the first six miles of canal, 
which crosses a large amount of drainage, only two petty inlets costing B 1,248 each had 
been provided. 

This amount was totally inadequate, for although it was said in Mr. Hair's estimate of 
1874 that it was ''easy to divert the drainage of the upper part into thePahooj,'' yet inadvert- 
ently the cost of this diversion was not entered. This has caused an increase of B16,265 on 
the main canal. The experience of last rains has shown that a further expenditure of 5,000 
will have to be incurred on the diversion of minor drainages. On the Hamirpur branch two 
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moie syphons costing in the aggregate fiT^OOO .are required^ and minor drainage lines cost* 
ing fi5,000. On the Kutound branch no provision had been made^ whereas three syphons 
costing &4,320 are necessary^ and cnts for minor drainage costing B6,000 will be required. 

The line actually taken for the Betwa Canal is much more on the watershed than that 
originally projected, which, if adhered to in all points, would have landed us in greater diffi- 
culties .regarding drainage, besides losing command of the country, which is now everywhere 
attained. 

6. Escapes were very much under-estimated. Mr, Hair simply proposed to provide the 
cost from distributaries, as the " escapes would be very simple and short, as the canal passes 
close to a number of nullahs.^' 

The Chief Engineer, Colonel Greathed, however, said this proposition was inadmissible, and 
allowed a lump sum of B4»0,000 on this account, or ''allowing four escapes at Bl 0,000, the 
idea being that it was quite sufficient to turn the escape water into a nullah ; and it being taken 
for granted that all nullahs in Bundelkhund were rock, it was apparently not deemed necessary 
to take any precautions for the cutting back of these nullahs. These nullahs, however, are 
not rock, and it is necessary to protect them. 

In addition to this, no provision whatever was made for an escape from the main canal to 
meet the possible (and probable) case of a flood suddenly entering the canal, owing to the 
difficulty and delay in closing the head-gates with the enormous pressure under which they 
will have to work during the rains. To make a proper escape, with full controlling power, 
would add nearly two lakhs of rupees to present estimate. It would, in my opinion, have 
been very desirable to make this escape ; but taking into consideration the expense, and the 
fact that in the original estimate approved of by the Local Government and the Government 
of India it was evidently thought that this escape was not required, the cost of it has not 
been entered in present estimate. About 18 miles below canal regulating head (which has 
three sets of gates) the banks have been lowered to within two feet of high water level, so 
that in case of a flood down the canal, the extra water may flow o£E towards the Pahooj river. 
A few miles lower down the canal escapes capable of carrying off 2,000 cubic feet per second 
have been made. 

The increase under this head, for the above reasons, is B82,S57, or a total expenditure 
of Bl,22,357 on account of escapes for the Betwa Canal, which has an estimated discharge of 
1 ,000 cubic feet per second. On the Fatehgarh Branch of the Lower Ganges Canal, which has 
a discharge of 600 cubic feet per second only, the amount sanctioned in 1877 for escapes was 
Bl,43,267. The sum stated above for the Betwa Canal is therefore a most moderate allowance, 
especially bearing in mind the abnormal conditons under which the regulation of supply will 
have to be effected. 

6. The excess of B17,115 under the head of buildings is due to the omission in the 
original estimate of any provision for inspection-houses on distributaries. The total length of 
distributaries it is proposed to construct is 877 miles, and as many of the lines extend long 
distances away from the main channels, it is absolutely necessary to admit of efficient super- 
vision during the hot weather and rains to build not less than six 2nd class inspection-houses. 

7. Under '^ earthwork,^' main canal, the excess is under three heads : — 

R 

A. Increase of rate 67,230 

B. Deepening of canal at head 87,718 

C. Fropoeed pitching at head and berm-cntting in first 10 miles . . 2,00,000 

Total . 3,44,948 



As r^ards A., the rate originally put down in Mr. Hair's estimate was that prevailing 
in 1874. Eight years afterwards not only had the value of labour increased, but within a 
few months after the Betwa Canal had been commenced the Jhansie-Manikpur Railway was 
begun, and labour was at one attracted to it. Work practically came to a standstill, and rates 
perforce were obliged to be raised. In addition to this, a larger amount of rock than was 
anticipated was met with, and this again led to a further increase of rate. 

With reference to B., the increased deepening gave an increased supply over that origin- 
ally estimated for of 100 cubic feet per second for 75 days during the early '^ khureef,^' or the 
season when water will be most urgently required. The cost was B87,718, and taking into 
consideration the great advantage to be gained, and the fact that there was an anticipa^ 
saving of upwards of a lakh of rupees on the head-works, the order to carry out this deepening 
to an extent of 5 feet at canal head was given in February 1882, and to an additional 3 feet 
in January last* 
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Item C. tot S2,00,0OO is a proposal for forming lT)-feet hdtm6 in the first ten millos of 
the canal aikd pih^bing sides and bed in the fitst three mileSi Prom the fact^ originally 
brought forward, it was assumed that the sides would stttaid at a slope of 1 to 1 and as noted 
when the present excavation was commenced (see Superintendent's letter No; 69^ dated 12th 
January 188:i), "In the very hard soil we have to deal ^th^ to judge by the rlver-banks 
and kutcha wells, dry slopes of 1 to 1 will stand perfectly, and with the same excavation 
section we shall, with a bed width of 20 feet^ be able to allow a small water berm of 3 feet 
between the two slopes/' 

On these facts, which still hold good and which agree With the data given by Mr. flair, 
who assumed the wet slopes (on which the others depend) to be 1 to 1, the canal was excavated. 
Now, however, that we have nearly reached the bottom of the digging, it is seen that the 
lowe^ strata are a much more friable description than was originally anticipated. 

I feet extremely doubtful whether the "slopes as now dug will eventually stand. In any 
ease I am of opinion that berms are necessary in the first five miles, where the digging ranges 
from 40 to 25 feet and where the bed in places is 14 feet below spring level. Orders have 
. accordingly been given to form berms in this reach. It is almost certain that strong pitching 
trill be requii-ed when tbe bed is below spring level ; constant slips will occur when the water 
is admitted, and tiie only moot point is whether we should accept facts as they are and let the 
banks slip, clearing out the debris when the canal has been opened and charging the oost to 
*^ Revenue/^ or openly face the difficulty and say that we will provide against the contingency 
before the opening of the canal. 

My own opinion is decidedly in favour of the latter* It is, I admit, a very serious thing 
to be oonsidered that the capital of the canal may possibly be increased by 2 lakhs of rupees ; 
but, on the other hand, we must face the fact that the sides will slip. This slipping will pro# 
bably take place when the water is being lowered, u e., when irrigation is most urgently 
required, and to clear out the debris we shall have to close the canal at a time when water is 
in most demand. In addition to this untoward closure^ it must be borne in mind that repairs 
with a running canal will cost more than protective works carefully executed at the present 
time. On a rough estimate I calculate that it will cost nearly 50 per cent, more to protect 
the banks when the canal is open than to do it now, but the expenditure will be spread over 
three or four or five years and vrill be charged against " Revenue '* and not against *' Capital.^' 
As I have said above, my opinion is decidedly in favour of incurring the expenditure at once> 
and in this view the total cost has been entered in the present abstract. 

8. The excess under '^ plantations '' amounts to fi84,50Sy and is due to no provision hav- 
ing been made under this head in the original estimate. The above sum includes B6,S70 for 
fencing tbe canal in Native States, and the balance is for planting shade lines of trees along 
canal-banks. In no part of India are such lines more required than in Bundelkhund^ where 
the heat is proverbially great in the hot months* 

9. Under '^ miscellaneous '' the excess is R21,700; of this 911,100 is the estimated 
cost of discharge sites in the main canal and branches, for which no provision was made in the 
original estimate; the balance B 10,600 is the sum that is estimated for outlets in the main 
branches of canal, from which there will be a considerable area of direct irrigation. 

10. The above accounts for an excess of B6,26,975 on main canal and branches. 
Against this, however, there are savings on the same^ which, added to savings on head-works, 
amount to B2,32,4;ll, leaving the net excess at B3,94,564; or excluding the excess of 
B 1,04,173 on land, an itein over which the Irrigation Department had no control, the net 
excess on engineering works proper, on head-works^ main canal and branches^ is reduced to 
B2,90,3dl. Considering the important and necessary additions that have been made to the 
project in the shape of torrent works, escapeS| and plantations, and last* but certainly not 
least, the increased storage capacity of the reservoir equivalent to an addition of nearly 60 per 
cent, to the supply of the canal during a period of 75 days at a time in the year when the 
river is at its lowest ebb and water much in demand for valuable early khureef crops, this 
additional sum cannot be considered too great. 

11. The remaining portion of the total excess on works, viz., B(7,15,258— *3,94,564) 
3,20,694 is under the head of *' distributaries." The provision under this head in Mr. Hair^s 
estimate of 1874 and in estimate of October 1881 was Bl,49,690, or for 220 miles at 
.fi*680 per mile. 

The country to be irrigated by the Betwa Canal has now been thoroughly examined, and 
it is estimated that at least 377 miles of distributaries will be required. 
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In all canals tlie milenige of distributaries is a fuBetion of the mazimmn volusie of water 
to be distribated at any time^ and in the Betwa Canal the conditions are such as to require 
large and immediate distributing power^ so that in years of scanty rainfall the irrigation for 
the rubbee may be quickly effected and the water got on to the land before the supply in river 
faUs below 1^000 cubic feet per secoudj the maidmum volume which the canal is capable of 
passing. 

This is a very important point to bear in mind, for it is agreed on all sides that water 
will be taken for every kind of soil to soften the ground for ploughing in years when the 
September rain fails ; and we can always count on the river supplying a volume of 1,000 
cubic feet per second to the end of October. It is, therefore, absolutely necessary to provide 
a sufficient length of distributary channels to meet sudden demands. 

The combined maximum discharges of the Upper and Lower Ganges Canals may be taken 
at 10,000 cubic feet. The total length of distributaries on these canals completed to the end 
of 1888-84 was 4^803 miles, or at the rate of one mile of distributary to 2*32 cubic feet of 
maximum discharge ; and the system is ndt yet complete. Similariy on the Eastern Juinna 
Qmu4, the maximum discharge of which is 1^400 cubic feet, t^iere aire 618 miles ol distribu- 
taries, or one mile to 2*95 cubic feet of maximum discharge. 

It is, therefore, clear that an allowance of one mile of distributary to 2^5 cubic feet of 
ifift^ imp wi discharge is not an excessive estimate ; and in the case of the Betwa Canal this 
factor would give a length of ^ = 400 miles against 877 miles estimated for. 

The total amount allowed for distributaries in the revised abstract is B;4,70,2S4, or at 
the average rate of ^^''^ = fil,249 per mile, which is a moderate rate, considering that 
the distributaries are to be of average size, and one line, the Jaloun distributury^ is to carry a 
khureef discharge of 200 cubic feet. 

After spending nearly fi28 lakhs on head-works, main canal and branches, it would 
obviously be bad economy to starve the project in the way of distributaries. 

This ha? been proved in the case of the Agra Canal, where it has been found necessary to 
double the length of distributaries originally sanctioned. 

When the Betwa Canal project was originally drawn up, it was thought that a very cheap 
type of distributary would suffice, that land would cost little, and that masonry works would 
be few. But, with the exception of a few miles, the distributaries are all situated in the Jaloun 
district, which is highly cultivated. Land is as dear as elsewhere and bridges are as much 
required as in other districts. Again, the slope of the country necessitates numerous masonry 
falls, and the fluctuation between the early and late khureef and the rubbee supplies requires 
ample means of regulating the surface level of the water. Eveiry bridge is thus either a i'all or a 
regulator. But great care is being taken that the works are so placed as to meet tiie various 
conditions in the most economical manner, and cheap standard designs have been prepared in 
Older to ke^ down rates to the lowest possible limit compatible wit^ efl^^oiency. 

12. The excess on establirfiment is heavy, namely, B7,42,830— 8,99,195sS,43,685. 
The origmal provision of ft8,99,19S was based on a special estimate and amounted to 15*87 
per cent, only on the estimate for works. The normal allowance for establishment charges in 
such cases as laid down in Public Works Code, Chapter XV, parageaph 181, is 28 per cent, on 
works. This allowance has been based on wide experience and, on the average, has proved 
not to be excessive. In the present case is has, therefore, been adopted. 

The greatest difficulty has been experienced in obtaining sufficient labour. The nature of 
the soil in Bundelkhund is such as to render excavation in the dry season almost impracticable ; 
while in the rains people will not work at all in black soil > if they can possibly help it, and 
carriage of material is quite stopped for five months in the year. 

13. The provision under Tools and Plant is the same as in the estimate of 1881. 

14. The provision for Indirect charges has been estimated as follows. The amount in the 
estimate of 1881 for capitalization of land-revenue has been allowed to stand; for, although the 
awards for compensation for land have exceeded the provisicm under that head in the former 
estimate, a laige proportion of the area taken up is in Native States, and has therefore had to be 
purchased out-and-out, and there will be no future liabilities of any kind. The area of revenue- 
paying land in British temtorj will not exceed 2,000 acres, and allowing that the average 
assessment is fil-8 an acre, .the capitalized value of this revenue at 25 years' purchase is 
8,000 X 25 = fi76>000 only against £11,03,728 provided. But the larger sum has been 
allowed to stand. 

The leave and pension allowance calculated in aooordaBce with Standing Order No. 66, dated 
80th November 1883, Public Works Code, Volume II, Chapter XV, paragraph 177, is 14 per 
' si 



Digitized by 



Google 



140 



BETWA CANAL PROJECT IN THE NORTH-WESTERN PROVINCES. 



cent, of charges for establishment. In the present case the actual charges up to end of 1888-84 
amounted to 849^818^ and adding to this Rb2yb^2, — 14 per cent, on the establishment- 
charges to be incurred after 1883-84— the total comes to Bl ^02^350, which amount has 
accordingly been entered in the revised abstract instead of the previous sum of B99,799. 

Interest charges during construction amount to B4^74^820y and have been calculated as 
laid down m para. 176, Chapter XV, of Public Works Code, on the following scale of anoual 

expenditure :— B 

Expenditure in 1881-82 ....... 1,66,147 

„ „ 1882-83 8,77,514 

1883-84 11,17,007 

Six-monthly estimate 1884-85 8,00,000 

Budget-estimate 1885-86 6,00,000 

Prol^blein 1886-87 3,00,000 

Total . 38,60,668 

The above figures for the three years 1881-82 to 1883-84 are taken from the Annual Finance 
and Administrative Accounts of the Provinces, and the figures for 1884-85 and 1885-86 from 
the Budget-estimates for these years, while the amount entered for 1886-87 is the probable 
sum that will be spent in that year in practically completing the works. The difference between 
the total shown here and the amount of the revised estimate (40,72,378 — 38,60,668)= 
H2, 11,7 10 is the estimated cost of permanent irrigation outlets and some minor works that will 
gradually be constructed as irrigation developes, the capital account being finally closed in 
1892-93. 

The canal will however, it is hoped, be opened in May 1885 and begin working from that 
time; but the irrigating channels will not all be ready before the close of 1885-86. The com- 
pletion of works not absolutely required at once will be deferred until 1886-87. 

The indirect charges calculated as above amount to B6,78,303 against B9,68,7S6 in 
the estimate of 1881, showing a saving of 82,90,433. 

15. The following is a comparison of the present revised estimate and that of 1881 for the 
the final direct and indirect charges : — 



Estimate. 


Direct charges. 


Indiract charge.. 


TOTAI. 


Present estimate . , . . 
Estimate of 1881 . . . . 


R 

40,72,378 
30,13,485 


R 

6,78,303 
9,68,736 


R 

47,60,681 
39,82,221 



showing an excess of H7,68,460. 

16. The return expected from the Betwa Canal barely exceeded 2 per cent, on the original 
estimated cost {vide para. 4 of Government of India letter No. 671., dated 23rd February 1882) ; 
but the forecast now prepared shows that, notwithstanding the increased cost of the revised 
estimate, the net direct income, ten years after the works are completed, will probably be 
fil,50,000, or a return of Si per cent, on the total capital outlay of fi42,5 1,412, which in- 
cludes a sum of fil, 79,034, the expenditure on the project prior to 1881-82, which was not 
taken into consideration in the original estimate. 

The improved revenue now anticipated is due to the increased storage capacity provided 
and to the greater length of the distributaries proposed. 



BETWA CANAL. 

Revised elamfied abstract of tie Betwa Canal Pryect. 



1 


t 


s 


4 


6 


6 


Main and sab-head. 


Estimate of 
1881. 


Revised 

estimate. 


Bzoess. 


SaTing. 


Bemarks. 


I.-WORKS. 

(1)— Head Wobxs. 

A —Preliminary expenses . . 

B.-Land 

C— Works . . • 


B 

28,612 
10,62,764 


B 

4,760 

33,647 

10,01,488 


B 

4,760 
6,036 


B 
61,276 




Totol,(l) Head Works 


10,62,764 


10,39,796 


... 


41,481 
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Revised clasiified abstract of the Bettoa Canal Project — (concld.) 



Vain and tulKhead. 



I._W0EK8— (contd.) 

(2)— Maih Canal and Bbanchis. 

(i)— Jfai;i Canal, 

A.— Preliminary expenses 

B.— Land . 

D. — Eegnlators . 

£. — Fafis and weirs 

F. — ^Torrent works 

G.— Bridges 

H. — Escapes 

K.— Buildings . 

L.^ Earthwork . 

M. — Plantations . 

O. — Misoellaneons 

P.— Maintenance 



Total, Main Oanal 



{^VL)Sumeerpoor Branch, 

A.-*Preliminar7 expenses 
B.— Land . 
D.— Be^nlatoTS • 
E.— FaUs and weirs 
F. — ^Torrent works 
G.— Bridges 
H. — Escapes 
E. — Buildings • 
Lt — Earthwork . 
li.— Plantations • 
O.— MiscellaDeons 
P.*-Maiotenance 



Total* Homeerpoor Branch 



{m)^Zutound Branch. 

A.— Preliminary expenses 

B.^Land . 

S,— Falls and weirs 

F. — Torrent works 

G.— Bridges 

H.— Escapes 

K. — Boildings • 

L.— Earthwork . 

M. — Phmtations 

0. — M iscellaneons 

P.— 'Maintenance 



Total, Eatonnd Branch 

(iv>- Co^M Branch, 

A. — ^Preliminary expenses 

B. — Land • 

E.— Falls and weirs 

G.— Bridges 

K. — Bniloings • 

L.— Earthwork • 

0.—- Miscellaneous 

P.— Maintenance 



Total, Calpee Branch 

(3)— DlSTBIBITTABIlS. 

A.— Preliminary expenses .... 

B.— Land 

C— Works 

L.— Earthwork 

0.— Misoellaneons 

Total, (3) Distrihntaries 



Estimate of 
1881. 



B 



13»000 
5,429 
8,698 

. 17.901 
70,664 

76,019 
2,77,951 



12,296 



4,81.768 



48,000 

16,708 

2,932 

46,288 

6,682 

1,60,689 

20,000 

. 36,689 

98,061 

7,200 
9,691 



4,51,680 



80,000 
11,088 
27,132 

96^845 
20,000 
29,189 
87,536 

5I0OO 
6,407 



3,13,196 



4,000 
1.733 
2,313 
14,536 
3,000 
9,735 
1,000 
776 



87,091 



17,590 
44,000 
66,000 
22,000 



1,49,590 



SevlBed 
eatimate. 



B 



946 

32,607 

8,660 

7.283 

39,166 

61,663 

5.500 

72,712 

6,22,899 

8,612 

6,302 

10,000 



8,76,140 



3,266 

48.278 

2,045 

44,025 

18,532 

1,07,409 

76,384 

48,030 

99,346 

12,199 

14,600 

9,691 



4.83,694 



2,748 

47,685 



9,320 
76.319 
40,473 
87,627 
67,727 
13,692 
11,400 

6,407 



3,34,427 



525 

4,626 

500 

5,000 



7,800 

2,600 

775 



26,409 



[4,70,284 



4.70,284 



27,078 

7,283 
21,265 

5*300 

3,44^948 
8.612 



3,94^,382 



32.570 



12,000 

66,3^ 
11,441 

1,296 
12,199 

7,400 



32,114 



36,597 

'9)320 

20,473 
8^438 

13,692 
6,400 



21,231 



583 
1,6UD 



8,20,694 



SftTing. 



12,054 
'" 38 

8^911 
3,307 

2,296 



44,745 
••• 
887 



53,280 



27,262 

eiios 
26,626 

19^808 



3,475 

T,813 
9,535 

'ii935 



Bemarkg. 
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Abstract 


iy Sub^Aeads, 








Hftinaiidiab.besd. 


Estimate of 
1881. 


Bevlsed 
Mtimate. 


Sxe€«. 


teTing. 


RiiuxxB. 




B 


B 


R 


B 




A.— Preliminary ezp^nsee 


96.000 


12.234 


••• 


82.766 




B.— Land .... 








1 • 


62,470 


1,66,648 


1.04.178 


..• 




C.^Worka (Imd-works) 










10,52,764 


10,01,488 




61,276 




E.^FaUa and weira 












11,630 
76,733 


10,606 
72,837 


*.. 


926 

2,896 




F.— Torrent worka 












24,433 


67,018 


42,685 


••• 




G.— Bridges 












8,42,633 


2.60.381 


... 


92,262 




H.— Eaoanea 

K. — Bnildinga . 












40,000 
1.44,797 


1,22.367 
1,61,962 


82,367 
17,166 


••• 




L.— Earthwork . 












4,73,272 


7,97,772 


3,24,600 


... 




M. — Plantationa . 














34,603 


84.603 


... 




0,— MiacellaneoBa 












13,200 


34,902 


21,702 


.*• 




P.— Maintenance 












29,069 


26,773 


... 


2,296 




(8).— Diatribntadea 


. • 




1 • 


1,49,690 


4,70,284 


3^,694 


••• 












TOTU 


1 • 


2644,491 


82,29,749 


7.15.268 


... 





GENERAL ABSTRACT. 



a 


2 


s 


4 


B 


a 


Main and snWiiad. 


Eetimateof 
1881. 


BOTlMd 
Mtiuilt.. 


Bxoeai. 


8.Ttll«. 


AlffAIKB. 


• 

(1) Head-worka 

(2) L Main Canal 

n. jHameerDoor BianoV . • . . 

m. iKntonnd 

IV. Calpee 

(3) iDbtributariee . . . . . 


B 
10,81,276 
4,81,768 
4,61,580 
3,13,196 
37,091 
1,49,690 


B 

10,39.796 
8.76,140 
4,83,694 
8,34.487 
26,409 
4.70,284 


B 

3,94.883 
32,114 
21.231 

8,20,694 


B 
41.481 

«.. 
*•• 
^•« 

11.682 




■ I. Worka 
Total II. Eatabliahment 
^m. Toola and plant 


26,14.491 

3,99,196 

99,799 


82.29,740 
09,799 


7.15,268 
8.43.636 


• •• 

• •• 




Total, Direot ehargea 


30,13,486 


40,72,378 


1^68393 


• •. 




VI. Capitaliiation of abatement of la^d-reTenue 
Leave and pension allowanoea . • • 
Vn. Intereat daring oonatmotion 


1.03,728 

99,799 

7,66,209 


1.03.728 
1.02,360 
4.72,226 


2.661 


2,W4»84 




Total, Indirect obargea 


9,68,736 


6,78,803 


»•• 


2,90.483 




Grand Total of Direot and Indirect diargea 


39,82,221 


47,60,681 


7,68,460 


... 




Qramd Total, Not miewM 


... 


7,68,4<» 


M* 


•?• 




Add old outlay an prt^eei. 
I. Worka 

m. Toola and plant 


21,629 

1,01,066 

6.440 


21.629 

1,61.066 

6,440 


... 


- 




Total, Direct diargep 


1,79,034 


l,79fiU 


»•• 


... 




Indirect charges. 
VI. Leave and pension allowanoea 
VII. Intereat dnring conatniction up to 1886-86 


to,28« 
1,06,180 


9fSS9 
1,06,130 


• •• 


• •• 

• •• 




Total, Indirect cbaigea 


1,32,416 


1,88.416 


... 


... 




Total, old outlay 


8,11,460 


8,11,460 


• •• 


■M 




Gbavd Total, cost ov P|to jiot 


43,W,671 


60.«bl81 


r>J8,4eo 


... 
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US 



BKfWA CANAL PROJECT. 

No. L-iiiSimMafj/ of the estimated dtreet ekarget to capital aeeimnt. 



tear. 


WorkB. 


XrtabUBhmont. 


Tool* and Plant. 


Total. 


..^ . I . 


. t 


8 


4 


f 




B 


fi 


B 


B 


1869-70 


6.738 


32,499 


6,728 


44.965 


1870.71 
















3,141 


14,969 


••• 


18,110 


1871-72 
















2,027 


13,680 




16,707 


1872-73 
















1.337 


8,680 


293 


10,210 


1873-74 
















8,307 


24,249 


418 


27.975 


187476 , 
















2,231 


22,278 


• .• 


24,609 


1876-76 
















766 


16,289 


M* 


17,064 


1876-77 
















673 


14,117 


• •• 


14,690 


1877-78 
















479 


4371 


• •• 


4.860 


1878-70 
















414 


16 


• •a 


430 


1879-80 
















209 


8 


M* 


217 


1880-81 
















206 


6 




211 


1881-82 
















103 


3 


... 


106 


Total, old ontlay 


21,629 


1,61.066 


6.440 


1.79.034 


1881-82 


94,398 


89,876 


31,873 


1,66,147 


1882-83 . 














6,84,993 


1,47,166 


46,366 


8,77,614 


1883-84 . 














9,21,176 


1,79,002 


16.770 


11,17,007 


1884-86 • 














6,37,000 


1,60,000 


3,000 


8,00,000 


1886-86 . 














4,80,000 


1,17.200 


2,800 


6,00.000 


1886-87 














2,40,000 


60,000 


••* 


3,00,000 


1887-88 . 














40,660 


9,360 


••• 


60,000 


1888-89 • 














40,660 


9,360 


••• 


60,000 


1889-90 . 














32,620 


7,480 


«•• 


40,000 


1890-91 














24^390 


6,610 


••. 


30,000 


1891-92 . 














20,326 


4,676 


••• 


26/X)0 


1892-93 • 














13,648 


3,062 


••• 


16,710 




32,29,749 


7,42,880 


99,799 


40,72,378 




Gb 


lkdT 


OTAL, 


008T 


OFPB 




• 


32,61.278 


8,93,895 


1,06,239 


1 
42,61,412 



No. II. — Summary of tie estimated indirect chargee to dapUal, excluding interest. 



1869-70 
1870-71 
1871-72 
1872-73 
1873-74 
1874-76 
1876-76 
1«76.77 
1877-78 
1878-79 
1879-80 
1880-81 
1881-82 



1881-82 
1882-83 
1883-84 
1884-86 
1886-86 
1886-87 
1887-88 
1888-89 
1889-90 
1890-91 
1891-92 
1892-93 



Tear. 



CapitalizaUon of 

Und TeTenue 

alwfced. 



total, old oatlaj 



Total, present project 
GsAin) Total on pbojxct 



R 



Loas by exchange 
on paymenta 
in England. 



23.686 
40,000 
30,000 
10,043 



1.03,728 



1,03,728 



Chanea 
and p 



for leave 
penaion 
aUowmnoea. 



B 

6,666 

2,606 

2,381 

1,493 

4,219 

8,877 

2,834 

2,466 

761 

3 

1 

1 



6,690 

18,169 

26,069 

22.300 

16.360 

8,400 

1.300 

1.300 

1,040 

780 

660 

412 



1,02,360 



1,28,636 



TotaL 



B 

6i666 

2.605 

2,381 

1.493 

4,219 

3.877 

2.834 

2.466 

761 

3 

1 

1 



6,690 

18,169 

48.764 

62,300 

46,360 

18,443 

1,300 

1.300 

1,040 

780 

660 

' 412 



2,06,078 



2,32,364 
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BETWA CANAL PROJECT. 
No. 111.— 'Ettimate of growth of irrigai%o% and revenue reeeiptt and eharget. 











BE VENUE BECEIPT8 AND CHABOES. 




OBOSa BSTBVUB SUS CO WOBXB. 


Charges both 


Nn BSTsmrs sos to 

WOBK8. 


Y9U, 


to end of 








direct and 








year. 


Dlreot 


land reyenae 


Total. 


indirect 
against re- 


iDolading 
enhanced 


Exdndinff 
enhanced 






receipts. 


or indirect 


aooonnt. 


land- 


land- 








rcTenue. 






reyenne. 


reTenos. 


1 


2 


8 


4 


5 


6 


7 


8 




Acres. 


B 


B 


B 


B 


B 


B 


1886-86 


20,000 


30.000 




30,ooa 


40.000 


—10,000 


—10,000 


1886-87 






36,000 


70,000 


••• 


70,000 


85,000 


—16,000 


—15.000 


1887-88 






45,000 


1,36,000 


••• 


1,35,000 


1,37,000 


-2,000 


2,000 


1888-89 






66,000 


1,66,000 


,,, 


1,65,000 


1,38.000 


27,000 


27,000 


1889-90 






66.000 


1,95,000 


•M 


1.96,000 


1,39.000 


56,000 


66,000 


1890-91 






70,000 


2,10,000 


• •• 


2,10,000 


1.42,000 


68,000 


68,000 


1891-92 






76,000 


2,26,000 


• •• 


2,25,00<) 


1,43,000 


82,000 


82.000 


1892-93 






80.000 


2,40,000 


• •• 


2,40,000 


l,45.uaj 


95,000 


95,000 


1893-94 






85,000 


2.66,000 


• •• 


2,55.000 


1,48,000 


1,07,00() 


1,07.000 


1894-95 






90,000 


2,70,000 


• •• 


2,70,000 


1,49,000 


1,21,000 


1,21,000 


1895-96 






96,000 


2,85,000 


M* 


2,86,000 


1,50,000 


1,35.000 


1.36.000 


1896-97 




1,00,000 


3,00,000 


... 


3,00,000 


1,60,000 


1,50.000 


1.50,000 




TOTAZ 


• • 


••• 


23.80,000 


... 


23,80.000 


16,66,000 


8.14,000 


8.14,000 



No. lY. '-^Statement of net financial resultf from eommencem$nt to 1896-97. 









Simple interest 










Direct capital 


Direct ospital 


at 4 per cent, 
on capital oat- 
lay to end of 
prerioiis year 
plas half oat- 
Uy during 


Net re?enae, in- 
clading en- 


Simple interest 


Net rerenoe 


Tear. 


outlay daring 


outlay to end 


hanced land- 


less net re- 


leaf simple 




the year. 


or the year. 


revenae column 
7 of Table lU. 


Yteiue. 


Interest.^ 








year. 








1 


8 


8 


4 


6 


6 


7 




B 


B 


fi 


B 


B 




/ 1869-70 . 


44,966 


44^966 


1,061 




1,061 




i 


1870-71 . 




18,110 


63,076 


2,640 


••• 


2,640 




1871-72 . 




15,707 


78,782 


8,260 


•••• 


3,260 




g* 


1872-73 . 




10,210 


88,992 


3,857 


•M 


3,867 




P4 


1873-74 . 




27,976 


1,16,967 


4.949 


••• 


4,949 




^ i 


1874-76 . 




24,609 


1,41,476 


6,143 


... 


6,143 




&•' 


1876-76 . 




17,064 


1.58,630 


7,051 


... 


7,061 






1876-77 . 




14,690 


1,73,220 


7,941 


... 


7,941 




i 


1877-78 . 




4,850 


1,78,070 


8,348 


• •* 


8,348 




2 


1878-79 . 




430 


1,78,600 


8,382 


• •• 


8,382 




O 


1879-80 . 




217 


1,78,717 


8,396 


... 


8,396 




\ 1880-81 . 




211 


1.78.928 


8,405 


M* 


8,406 






1881-82 . 
n 881-82 . 




106 
1,66,147 


1,79,034 
3,46,181 


} 10,482 


• •. 


10,482 






1882.83 . 




8,77.614 


12,22,696 


81,368 


... 


31,368 




n 


1883-84 . 




11,17,007 


23,39,702 


71,249 


•M 


71,249 




<S 


1884-86 • 




8.00,000 


31,39,702 


1,09,588 


... 


1,09,588 




1 


1885-86 . 




6,00,000 


37.39,702 


1,37.588 


-10,000 


1.47,588 




1886-87 • 




3,00.000 


40,39.702 


1,65,588 


—15,000 


1,70,588 




•*3 


1887-88 . 




60,000 


40,89,702 


1,62,688 


—2,000 


1,64,688 




1 / 1888-89 . 
1 \ 1889-90 . 




60,000 


41.39,702 


1,64,588 


27,000 


1,37,688 






40,000 


41,79,702 


1,66,388 


66,000 


1,10,388 




® 


1890-91 . 




30.000 


42.09,702 


1.67,788 


68,000 


99,788 




g 


1891-92 • 




26,000 


42.34,702 


1,68,888 


82,000 


86,888 




1 


1892-93 . 




16.710 


42.61.412 


1,69,722 


96,000 


74,722 




1893-94 . 




... 


42,51,412 


1,70,056 


1,07,000 


63,066 




1894r96 . 




•«• 


42.61.412 


1,70,056 


1,21,000 


49,066 






1895-96 . 




••• 


42.61.412 


1,70,066 


1.35,000 


35,056 




\ 1896-97 . 


••* 


42.51,412 


1,70.066 


1,60,000 


20.056 






TOTAl 


:. 


42,51,412 




22.66,362 


8,14,000 


14,52.362 
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From the OoTermnent of India. Publie Wotkd Ddpartmeilt, to Het ll^esly's Seeretary of State for India,— No. 

49» dated Sim]a» the 12th Ootober 1885. 

Wb have the honour to sabmit^ for the approval and sanction of Her Majeety'a Ooveni« 
ment, a revised estimatd^ amounting to fi44,88^776^ of which &4f2|51^4li repreeentB the direct, 
and B2,82,S64i the indirect^ charges for the Betwa Canal project in the North^Western 
Provinces. 

2. The project was sanctioned by Her Majesty^s Oovemment in Despatch No. 61P.W., 
dated 8th Septembw 1881, as a protective public work, at an estimated total cost of 
BS2,l7,012| exdunve of the charges for interests The excess of the present over the sanc- 
tioned estimate is fil2,66,764, of which fi2,05,S20 is the amount of outlay incurred under 
grants from Ordinary revenues on surveys previous to the classification of the canal as pro- 
tective. The excess which it is now proposed to charge to the protective grant amounts, there- 
fore, to Bl0,61,444i, being ft 10,68,898 for direct, and fi2,55l for indirect charges. The 
Excesses are fully and clearly explained in the accdmpati3ring note, dated ISth March 1885, by 
Colonel 3. O. Forbes, E.E., Chief Engineer for Imgation, North- Western Provinces. The 
causes of the exceds expenditure on works may be briefly summarised as follows : — 

Tbe exoesB expenditure on works amounts to B7,15,268« Of this amount BI|61,40S are 
due to inertase of rates almost entirely caused by the starting of the Jhansie-Manikpur Bailway 
works and increase in value of land which could not have been foreseen when the estimate 
was framed. &d,08,4l2 are due to additions to the project subsequently undertaken, which 
add largely to its valud and paying capacity. These works consist of deepening the canal at 
the head and pitching the slopes to deCUre an increased supply of water at the time when it 
will be most wanted and the extension of the distributary system to utilise to the best advan- 
tage thd increased supply of water. The total of these two items (Al,61,40S+B6,08,412) 
amounts to fi7,69,815, against which there is a net saving on the works as originally esti^ 
mated of fi64,5Bf , reducing the total exceM on works to fi7,ie,£&S« The remainder of the 
total excess in direct expenditure is due to an increase in the establishment ehatges, which art 
Hew allewed lor *t the normal rate. 

3. Out of the efirtJmated diriect cupiteJl outlay of il42,61,4li fiSl,iSd,521i had been upended 
up to the end of 1884-85, leaving a bftlanoe ol %10,81,8d0 for expenditure in subsequent 
years. The works will be virtually completed in 1886-87, although the capital account will 
uot bo ftnally tdosed until the end of 1892^98. 

4. In the tenth year after the virtual completion of the works, viz., 1896-97, the area 
irrigated is expected to amount to 100,000 acres, or 20,000 acres more than the area previously 
estimated. This improvement is due to the increased supply which will be stored by deepening 
the head and to the greater length of distributaries uow proposed. 

6. The gross revenue is expected to amount to B8,0O,OO0. The rates on which it is 
based have been arrived at after careful consideration by the Irrigation and Revenue author- 
ities of the Korth-Westem Provinces. The working expenses are estimated at Bl,50,000^ or at 
the rate of Bl'6 per acre irrigated, which is the average incidence of maintenance charges per 
acre in the North-Western Provinces for the tbree.years commencing from 1881-82. The net 
revenue will therefore amount to Bl,50,000, which will give a return of 8*84 per cent, on 

B B44,8S,776, the total estiaottted diraet and indirect 

l^X^^dn.ti^n^re.^u.u; ^""^ capital ouUay, aod * 52 per cent, on H5 9,86,1 88,* 

«elf96-07 . . . % . 14,6b;ms t}»e total «uia whioh will be at ohai)ge, inoluding 

IMilMuaiieltorge ^ se.w»i«B «itei«B^, in the tenth year after the practieal com- 

^^rtM fJiition of the project* The estimaAe of the ' 

growth of irrigation and revenue leoeipts and chargss has been aj^roved by the Sevenue 

Department of the Local Government. 

6. Having regard to the fact that the increase in cost is chiefly due to outlay which 
could not have been foreseen, and to the provision for additional works which are calcukted to 
increase largely the paying capacity of the project, we have no hesitation in reconmiending 
the revised estimate to your Lordship for sanction. 

7. A sketch map of the Betwa Canal, showing all channels constructed and proposed, is 
forwarded herewith. Pbns of important works oonneeted with the projeet have abrndy been 
transmitted to the Lyidia Offioe with our PuUic Works Secietary^s letter No* 189I.» dated 16th 
July 1884. 
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Documents acoompantikg. 

1. Letter from the Government of the North-Western Provinces and Ondli, No. C.2 
dated 27th March 1885, and encloBnres. 

2. Letter from the Government of the North- Western Provinces and Ondh, No. C.569I.J 
dated 31st July 1885. 

3. Sketch map. 



From CoiONBL J. G. Fobbes, B.E., Joint Secretary to the Govt, of the N. W. P. and Oadh, P. W. Dept., to the 
Secretary to the Government of India, P. W. Dept., No. C.817L, dated the 29th October 1886. 

I AM desired to report^ for the information of His Excellency the Governor General in 
Councili that the Betwa Canal was opened on the 28th September 1885^ and that water is 
running in 800 miles of channel, from 260 miles of which irrigation is now being afforded. 

2. The weir 4^000 feet in length, with a maximum height of 60 feet in the deepest channel, 
has now stood the test of two rainy seasons with entire success, no damage of any kind having 
occurred. The leakage below the weir is practically nothing, and the wall itself is perfectly 
staunch. The calculated full supply of the river Betwa in flood is 750,000 cubic feet per 
second with an afflux on weir of 17 feet. The highest flood as yet parsed was on 6th August 
1884, when upwards of 520,000 cubic feet were discharged with a depth on crest of 13 feet. 

8. The heavy gates and powerful lifting gear of the weir sluices and head-works of the 
canal were only fixed this year. They work satisfactorily and smoothly. 

4. I am to bring to His Excellency's favourable notice the names of the following 
officers : — 

Major Western, B.E,, Superintendent of Works, who commenced the canal in November 
1881, but who was transferred within a few months to the Punjab as Superintending Engineer. 

Major Tickell, R.£,, Superintendent of Works, who vigorously prosecuted the work until 
his death in July 1884. 

Mr, /. & Beres/ord, who acted with particular energy and capacity as Superintendent of 
Works for three months after Major Tickell's death, and whose labours and ability as Personal 
Assistant to the Chief Engineer are shown in the recorded calculations which were required 
when designing the weir and head-works. 

Major CorbeU, RJ!., Superintendent of Works, from October 1884 until completion of 
canal. 

Mr. W. JFilleoeiSf Bxecutive Engineer , by whom the weir was commenced, but whose 
services were lent to the Eg^tian Government in November 1883. 

Mr. B. L. Hawkins, Executive Engineer, who, in charge of the Lower Division, has worked 
well in lining out and executing the distributary system. Messrs. Boyce, Strickland, Strachey, 
Pagan, and Gordon,' Assistant Engineers, are worthy of favourable mention, and of the 
subordinate establishment the names of Conductor Jackson, Sub-Engineer, Sergeant Lee and 
Adjudhia Pershad, Overseers, and of Mr. Hurley, temporary Supervisor, may be noted. 



From the Goyemment of India, P. W. Depi, to the Secretary to the Government of the N. W. P. and Oadh, 
P. W, Dept.,— No. 813 I., dated the 16th December 1885. 

In acknowledging the receipt of your letter No. C.817I., dated 29th October 1885, I 
am directed to express the satisfaction of the Government of India at the successful opening 
of the Betwa Canal, and to state that the names of the officers connected with its construction 
who are recommended in paragraph 4 of your letter have been duly noted. 

Documents accompanying. 
Nil. 



From the Secretary of State for India to the Govenoment of India.— No. 54 P. W., dated the 10th December 1885. 

YoTJR Excellency's Public Works letter No. 42, dated 12th October 1886, submitting 
revised estimates for the Betwa Canal project in the North- West Provinces, has received my 
consideration in Council. 
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2. This work was sanctioned in 1881 as one of a protective character which called for 
early constmction^ at a total estimated cost of BS9yS2,fiZl^ of which BS0^1S^485 was 
estimated as direct^ and the balance as indirect outlay. The present estimate is for a total 
outlay of fi4i4i,83,776^ of which fi42,51,412 represents direct, and fi2,32,S64 indirect outlay^ 
or a total excess outlay over the original sanctioned estimate of B5;01,555. 

3. The causes of this excess are explained fully in the note by the Irrigation Secretary to 
the Government of the North- West Provinces accompanying your letter^ and, as must be 
anticipated in a work of this magnitude, are seen to arise from the adoption of improvements 
and alterations the necessity for which could not be foreseen when the project was first drawn 
out. I have no hesitation in according my sanction to the estimate in its revised form. 

4. I am glad to learn from your letter and its enclosures that the distributaries from the 
canal will be considerably increased under the present scheme, and that the work, if not already 
partially open, will be so far completed in the course of 1886-87 as to admit of the general 
commencement of irrigation. 

5. I observe that the direct returns from the operations of the canal are estimated some- 
what more &vourably than when the project was first framed. I trust this may prove to be 
the case ; but whatever may be the direct returns eventually yielded, I do not doubt that the 
protection from drought of a large tract of country which] has always been liable to scarcity 
and distress will fully justify the expenditure on this work. 
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